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R I. INYRODOCTION
BN
S
;ﬁ With the introduction of additional performarce capabil-
. iies in +he Block 1C versicn cf the HARPOON cruise missile,
'i§ +the present HARPCON Ship Comaand-Launch Control Set (HSCLCS)
;ﬁ has ctrcven to be inadequate for controlling this new HARPOON
‘gz ‘ missila. Therefore, modifications have been Jirectzad by the
b Chief of Naval Operations, to taks advantage cf <+hese
‘ig supolementary features. The system specifications Lave been
s st forth by Naval Sea Systeas Commarnd.
té Since tte HSCLCS mus:t be redssigned to facilitate the
;; system s-ecifications, it is readily apparent <hat a simpula-
‘ +tion model should be developed to tsst the system specifica-
tions and, once determined to be a usable model, to be
further used for training purposes. The development of such
: a model allows an experimentser éo play with *he system, and
iﬁ . irvestigate potential problem areas, as well as, encourage
Eg the rrocess of innovation.
jt In desicning a simulation model of a real system, the
' goal should be to conduct testing to understand the behavior
'Ei of *+he system Or to evaluate various strategies cf systenm
ﬁg oteration undar consideration. A further goal should be for
> +he sodsl *o be used for +training purposes when it is not
= feasible or cost effective %0 use the real systenm. The art
S& of modelirg encompasses the ability to classify the problem,
}3 abstract the essential features, and +hen elaborate on
;5 these, +to produce a wmodel wvhere useful approximation
;: results. Svecial care nust therefore be takern, to ensure

that the model 1is an accurate and viable rspresentaticn of
the real systea. To seet this end, certain criteria mus*t be
et in support of the develcpment of a proper simula*tion

’
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model, includirng:
a. ease in understanding by “he user.
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32 b. a gurpose or goal directed model.

o c. e¢ase of control and manipulation of the model.
< d. wmodel completeness on important issues. ‘
~ €. no allowance for nonsense answers. ‘
if f. ease of model modification.

- Keeping these criteria in mind, and realizing that simu-
lation modeling is a learning process, the task cf model

develcoment may begin.
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This chapter will summarize the system specifica*icrs as
set for*h ir Reference 1, and as dsv2loped by Reference 2
and Referenca 3. This phase will present the existing
svstem, the needs cf the existing systen, and technical
cons*traints imposed c¢n hardware and software considerations.

A. PBESENT HARPOON WEAPON SYSTEN (HWS)

The HARFOON Weapcn System (HWS) was developed <*o meet
the nezds of the Navy's anti-ship mission. This system is
deployed cn fast attack submarines, several type aireraft
and surface combatants. The HWS's purpose is to provide
all-weather, ovar <the horizon, day/nigh*t anti-ship capa-
bility. It is compcsed of the missils subsystem, the asso-
ciated launcher subsystea and the co.mand and launch ccntrol
subsvsten. This ¢ttesis shall be primarily concercned with
the latter.

The BARPOON missile wutilizes an in flight 1low-level
trajectory with a pop-up fea:ure during i;jz’ferminal pbase.
I~ has an active radar seeker with counter-counter measure
capability to assist in attacking sver the horizon surface
targets.

In the ship-launched version, the HARPOON nmissile
utilizes either third party or onboard sensor data for
targeting purposes. Then, since the missile requires no
further infcrmation after launch, it is considered a "launch
and forget" type wearfpon,
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Fcr tlte shipboard configuration, the HWS da*a prccassing
ard conzrol functions are provided by “he HSCLCS. The HSCLCS
has three orerating mcdes: casualty, aormal, anrnd <raining.
In the ncrmal mode, the HSCLCS providas the following major
functions:

~ Dis<ributionr of pcwer to various HWS =squipmant.

- Salecticn and application of missile warmup powver.

- The ability to coaduct varicus automatic and manually
initiated tests which <confirm the operability c¢cf <+he
HSCICS.

- Selection, transfer, processing and display of targe<«
data.

- Cocrdinatiorn of the selection of *actical wmissile mcde
and type of fusirg.

- Selec*icn of the launcher cell containing +he intended
HARECCN missile.

- Initializaticn of the selec*ed missile and ths supervi-
sion ¢f the exchange of data between the missile and
other HWS equipmernt. ’

. - Centrol of all missile firing activities,

These functions are carried out primarily by the HARPCON
Coa+rcl Ccnsole (HCC) and the Weapon Control Indicatcr Panel
{(WCIP).

The HCC encompasses most of the system-unique ccmmand
and launch subsystem equipment. This includes +the Data
Processor Ccmputer (DPC), a 16 bit microcomputer, and a Data
Conversion Unit (DCU), an analog digital converter. These
+w¢ ccmpcnents perform data conversion and processing, and
grovide an interface with current ship sensors or external
eiuirment.

The WCIP provides the operator with visual status infor-
mation of the ire control soclution. It further prcvides
the opera*+o: with manuval input capability.
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The DFU executes wu assembly languag2s program to prcvide
the fcllowing services:
- Validation of launch envelope parameters.
- Missile command generatior for implemsntation of missile
centrol parameters ircluding ship's attitude, ssazch
pattern ordaers, engine starting, £flight <*ermina+ion

L GTY . % WY

rarge, altimeter setting, and various selectable £1ight
trajectcry and mareuvering modes.
- Missile testing prior t¢ launch.

)
-
.

- PFr2-launch sequancirg and %iming.
- Data formatting and transfer synchronizatien.

The DCU processes all digi+«al and analog sigral conver-
sion. I+ further prcvides interfacing of target data inputs
for <the BNaval Tactical Data System (NTDS) and i+ also
rrovides for ship motion parameter conversiorn.

BE. CURBENT DEFICIENCIES IN THE HSCLCS

With the introduction of new enhancements in the HARPCON
issile, new command and control problems have also been
introduced. The current WCIP caanot accommodate these new
capakilities. FPurtker, <the operator is not provided with
sufficient facilities <%+o direct and execute a well-planned
BARPOON attack. These new capabilities mandate a substan-
tial change in the hardware and/or software of the existing

HSCLCS. Since current software is written 3in machirne
lanquage, i+t is extremely machine dependent. This, coupled :
vith the added difficulty that diffsrent hardware configura- 3

tions exist for subtsurface, surface and air launches, :
further cosrounds the problem of software standardization. k
Reference 2 and Reference 3 set forth existing deficiencies a
in the current HSCLCS. These include:

PR
L

- PFull tactical ccntrcl of missile variants (the pre- 3
l; launch selections) are not available to *he existing 3
L.
-2 WCIP.
3
%) 13
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- The GW®CIP provides inpadequata control for a well ;
coordinated, mul<i-ship or mul-i-pla=form attack agai:cst
a single surface target.

- The WCIF provides inadequate control for a multi-missile
(SALVO) attack against a single surface target.

- The WCIP does nct incorporate 4existing intelligence
information (e.g., target class, course, speed, sector
of vulnerability) into the engagement planning process.

- No ccmputer-aided engaged plazning is implemented.

For engagement planning, +the HSCLCS has the follcwing
deficiencies:

- Insufficient infcrmaticn is displayed a+ +he WCIE to
rermit <the operator to evaluate the gquali+y c¢f an
engacement plan (e.g., probability of acquisition).

- Insufficient 4information is displayed at <*+he WCIF to
rrovide accurate data, isplying risk %o unintended
targets during bocster drop, flyout and target
acquisition.

- The WCIP prcvides no display of planned <radjectory,
£light rath or seeker search patterns.

- The HSCLCS dJoes not provide computer-aided engagemen*
rlan guality and safety analysis.

- The WCIP prcvides no status information on availablse
missiles and associated launcher.

- Only track data for one track can be stor=4, with no
capability for multi-track retention.

- No means are currently available to provide correcticas
essantial to missile performance for the anvironmental
rarameters such as wind, rain and sea state.

With these deficiences, +the training mode is, at best,
zinimal. Since there is a general lack of realisam, espe-
cially 4in ths graphical representation of the engagement
victure, the operatcr has lit¢le ability or inclinaticn to
improve his proficiency.
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C. BES COESTRAINIS

Modifications to the HSCLCS should take advantage of,
but nct necessarily te 1imited to, the following new missile
capabilities:

- Wayccint selecticn.

- Range and bearing (RBL) search pattern exparnsion direc- |
tion selection. :

- Termipal at*tack mcde selesction.

- Maximum range increase.

- High-altitude flycut

- Pre-search sea skia. .

With these capabilities in ming, Reference 1 has set !
forth the modification and specification limi<ations of each ;
of the ccmrcrents in the HSCLCS. !

1. EABEOON Control Comsole (HCS) ;

The HCC may te modified as required to acccmmcdate
power and digital in*erfaces to th2 WCIP, and +%o prcvide
integral mounting with the WCIP. In addition, the HCC must
meet the specificaticn requirements of Appendix C.

2. Data Conversiom Unit (DCU)

The DCU modifications are limited to the removal of
circuit cards in order to provide required functicns for the
WCIP. I~ will provide an interface with the shipt's moction
systeas, target detection systeas ard w@issile launch
ezuirgent.

3. Data Processcr Computer (DEC)

The DPC is a general purpose computer with ultra-~
violet eracsable prograamable read-only memory (UV-EPRON).
This computer provides weapon control solutions ¢to the
missile and provides direct real time control of the WCIP.

15
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It alsc conducts interlock ccaputations to prevent launch
when the ship roll and pitch are excessive, launcaer
eo2in+ing and s+*abilization crders and conducts self-<2as=ing
cn the WCIF or HARPOCN missile when directed. The modirfie
LPC shall consist of (a) a newvw Central Processing Uai+
(CPU), which will provide *he computaticnal speed required
of the WCIF engagement plannirng functions, (b) a minimum of
110,000 sixteen-bit words of UV-EPROMN, 16,700 six«=een-bit
words of rand>m access memory (RAM), and 2,000 sixteen-bit

=N

electronically erasable programmable <rCead-only mesmory, and
(c) an RS 222 serial interface for use with sxternal devices
providing training or da+a ex+tract functions. The DPC nmay
te further modified tc support the engagement planning func-
tions as specified in Appandix C.

4. Wearons Control-Indicator Panel  (NCIP)  Graphic

Tke WCIP Grafphics Display System (GDS) shall corsist
of a rplasma graphic display with embsdded microprocessor and
twenty manual entry tuttons under scftware control. This
function will allow the operator to plan, evaluate and
execute a HARPOON engagemsnt and *+o conduct “raining. The
disolay is *o provide the cperator with a visual depiction
of the tactical engacement situation and concurrent readouts
of necessary engagement data. I+ is noted that a protctype
display has already teen developed, and is currently under
evaluation.

S. Nearon centrcl-Indicator Papel

The WCIP will be required to provide all the func-
tions of the specifications listed in Appendix C. It must
rrovide operator/HSCLCS interactive functions required for
engagemaent rlanning. It will prcvide visual status infeorma-
tion ¢cn +the HARPOON missile and launch=r, and <the marual
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contrcls for selectirg missile initializa+<ion functions/
parametars and firing of all HARPOON amissile variants.
Although target data entry fcor missile initialization is
ncrmally antomatic through the DCU, alternate manual entry
sus* t2 rrovided for from the WCIP.

D. PROPOSED SOPTWARE PLAN

Reference 2 and Referenrce 3 set fo-th consscutive
r2finem2nts to a software plan. A requiremen+s analysis was
conductzd tc provide a foundation for the flow and structure
cf irnformation and +o identify interface details within
existing design constraints. To accomplish this analysis
the use of a data flow diagram (DFD) was used. This tygpe of
diagram is a graphical aid for ds2monstrating data flow
during tke designing cf 2 scoftware system. A general outline
cof a DPD consists of the following:

1. DED Attributes

- Information flow can be represented by a DFD for any
sveten.

- Bach *ransformaticon in a DPD may require refinement
to realize a complete understanding cf +the
“ransforaation.

- Data flovw amust be emphasized without regard ¢to
centrol of dacta.

2. DIC Symbols

- Information flcw is identified by a labeled line from
~he souarce to the sink with an arrowhead pointing in
the direc*ion of flow.

- Data +transformsation is reprasented by a circle.

- Information socurces and sinks are display=2d as
rectangles.

- Stcred information (i.e., data bases and files) are
rerresented by two parallel lines.

17
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3. DEL Usage Guidelines ;
A% - Tte first layer of the LFD is the system module, '
ff - The second layer of the DFD is a g2neralized ovsrview i
N of the DFD. .
’% - 211 items in the DFD including arrows must be

L lateled.

v ) - Informaticn ccntinuity is required for all DFD

g refineaents.

W - Refine only one item at a tiae.

S - When uncertainty exists as to whether further refine-

3 ment, assume ‘kat the possibility exis*s.

;E: - Pcllow data flow from left %5 right.

,$E - A transformaticn mey output control data for a subor-

o dinate moduls. This con+trol da*a does not represent

. control structure and therefore is not control flow.

" Pigures 2.1 through 2.4 <represent a refined develorment

:Ql of the HSCICS by the data flow method.
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III. HODELING PROCESS

In creating a simulation model of the HSCLCS, the
assumcticr is made that +the simulation will be used to
examine the properties of the HSCLCS, and, 3if fourd dspen-
dable, used as a training device. In developing this mcdel,
a number ¢f intermediate steps may be identifisd *o assist
in +he mcdel develormen<:. Saveral of these steps will be
develcred here, but c+thers asust wait until actual model
implementation conducted under other theses.

A. SYSTEN DEPINITION

At this step of the modeling procsss, a de+termina+ion
aust te nade of the boundaries (i.2., what will be simu-
lated) utilized in developing the systenm. Since a formula-
tior of the simulaticn modal may change as it is being
developed, the conditions set forth at this stap cannot be
considered solid. ds new information becomes available,
these condi+*ions must be amenable to changs.

1. Egundaries

The HSCICS is a @majocr component of the HARPCON
Weaocon Svstem (HWS) <comprised of two 2lements: the HARPCON
Control Console (HCC), and the Weapon Contrcl - Indicator
Panel (WCIP). It's rrimary purpose is to provide *+he capa-
bility to <Zinitialize and launch existing HARPOON missiles.
In {t*s rresent configuration, the HSCLCS provides a weapon
contrcl sclution, wmissile ipnitialization, launcher control
and missile firing functions. With new modifications, the
BSCLCS shculd also provide engagament planning and data/
training extract capatility.
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The BCC perfcrms most of *h2 data processing and
conversion necessary for missile launch. The WCIP rrcvidss
visual infcrmaticn tc¢ +the cperator during the €firce ccntrol—
solution fcrmulation, and further provides fo:- m2nual

A A i n

contrcl ky the operatcr, In <*he simulation model develop-
ment, it would appear that the HSCLCS would be <the scle
cbjec+t of simulation. ‘lowever, since the HSCLCS obtains
irnformationsdata from other ship sensors ¢r from prcposed or

:
b
i
a4
!
4

current sanual input, +he model must allow for input of
simulated ship senscr information/data <ither manually or
automatically.

2. Mcdel Formulation

The next task is tha*t of model fcrmula*ion: <reduc-
tion of +he r2al system to some logical flow pattern. The
model formulation shculd neither oversimplify the sys+2m nor
overspecify it so as to appear awkward or become extremely
expensive. The latter cassz is usually the problem area. In
this simulation, the model may be necessarily bulky due to
+the need to simulate the zntire HSCLCS subsysten.

Ir setting fcrth the modzl formula+ion, certain
criteria must be incorporated tc 2nsure a good simula*icn.
Because the final result of this sipulation is to be more
along the line of a prototype development that as an anal-
ysis tocl, the initial structure £for the model formula*ion
as set forth in the data flcw diagrams of Chapter 2 can be
used. It would then appear that 2ach of the boxes in the
data flow diagrams c¢an be developed into a module for the
simulaticn. Several criteria are met for a gcod simule*ion
by proceeding in this manner.

The firs* criteria is that the model becomes sasily
purposa or goal directed. Fach wmodule will be develorped to
carty ou* a specific task. If “hz desired goal of <he model

changes, such as for trainirg, then a airimum number of

-
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chanaes will be required. This coincides with the irpoc-tan+
criteria of model &@mcdificaticn. Through the cr=a%ion of
modules from the data flow diagrams, using the transac=iorn
ransferm analysis nethodolcgy describzd in Re2ference 4, *he
eff2cts ¢f any changes to either ths design specificaticns
cr to the system design will b= minimized.

Modularizaticn cen also lead to ease of control and
sanipula*icn of the model. If the modules are developed
correctly, +that is, +*hrougk proper abstraction and gcod
interfaces, then the desigrer will oanly ne=d +to know what
the mcduls does and nct necessarily how it doas it. This in
turn leads +o0 a Dbetter understanding of the system by
reducing the complexity at each level of the model. This
will- further allow ease in determining completeness on all
important areas cf tte model.

Cther criteria for a good simula*ion nmust be
completed a+ the implementaticn stage of model development.
These 3include ease in understanding by the wuser and no
allowvance for ncnsense ansvwers. The former will require
carefully d=signed interaction with the user, whereas the
latter will require icput parameter checking.

In a2 general overview, the moda2l can probably best
ke srlit intc 4 modules: a) data processing unit (DEU), D)
data conversisn anit (DCU), c) weapons contrel-
indicator (NCIP) panel grathics processor and d) weapon
control-indicator panel controls. The main desire is <o
check the use of the WCIP graphics processor and ccntrols,
hovever, sirce much cf the input is through the DPC and DCU,
they %too will have to be siaulated. The DPU and DCU pay
carrv the added burden of simulating the ship senscrs, or
may sclely rrovide data in a refined form. The graphics
rrocessor will probably be the most difficul: *to simulate,
ard may not in fact te completely necessary. However, %o
ensure some sense of reality, th2 graphics module should
closely model an actual display.

25
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Since a first design refinement of the system has
already Leen made, Bef. 3 there appsars ¢to be no real need
tc wmake major changes at <+his point. Now the task of
defining the structures for +the data bases identified in
Acpendix D, and the mcdules identified in Appendix E, can be
made.

3. Databasss

All of the data bases in Appendix D appesar to be
sufficient for the simulation. This assumption does not,
however, rreveat chapges in later stagss of the model devel-
oovment, If an element in the data base requires a default or
initial value, it will be acccumplished by one of the modules
listed in Arpendix E.

a. PEBnvironmental Da%z Bass

The Environmental Data Base is used to stcre
informaticn about current weather conditions, %95 be used in
obtainiag a practical engagement solution. This data base

vill alvays reside in main memory. t will consist of a
single record with eight fields:

Visibility : 1integer range 0..30(miles

Sea State ¢ integer range 0..10

Wind Direction : integer range 0..359 (degrees

#ind Sceed t integer range 0..100 (knots

Relative Humidity

integer range 0..100 (percent

; Temperature ¢ integer range =-100.. 150 (d23grees F

? Barometric Pressure : integer range 900..1100(millibars

| Precipitation ¢ string(yes,no

: The following default values will ba made auto-
matically prior ¢to any manuval entry from the operator, or
.;Z automatic entry from selected ship sensors.

= Visibility : 1
T'rle‘: Sea State : 1

"W Wind Direction : 000

ny
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Wind Sreed s 0
Temperature : 50
Barcaatric : 1020
Precipitation : No

After initialization, the operator may inpu+ the
current environmental conditions manually or allow automatic
urdates from own ship sensors.

t. Launcher ard Missile Status Data Base

This data base will consist of an array of
records equal 4c tike number of canniscers available for
launching missiles. It will always reside in main memory.
Each reccrd will consis* of the following four fields.

Launcher BNumber ¢ integer range 1.. #launchers
Cannister Nuaber ¢ integer range 1..8
Missile Type : integer ranga=s t..7

Launch Inhibit integer range 0..1
The follcwing values will be assignsd upon acti-
vation of tha system. The values will be selected from a
file in seccndary storage. The £file in secondary stcrage
may be modified *o accommodate any type of platform arnd any
type cf missile loadout. When any changes are made by the
o:erator to the data base, they may only b2 accomplished

vsing a special cods.
Launcher Number :+ current laucncher aumber

current cannister number

type missile in current cannis+ter
(a value of 7 indicates the
launcher is empty and requires
launch to be inhibi+*ed for tha*
cannister)

Launch Inhibit : 0 (inhibized)

Cannister Namber
Missile Type
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The size of the sitructure holding this data base

in main memory must be variable to allow for the require-
ments of differant platforams. One @method *o permit this
would be to have tte first item read <frem ths secondary
storage file indicate the size of the arTay (i.e., +he
rumber of available cannisters). If for some reason the
cize needs to be changed, such as for an inoperable
launcher, <+he operatcr will have the capability of changing
*he size.

¢c. Menu/State Data Base

This data base will r2side permanently in main
BRROTY. Immediately upor power up, this data base will be
jnitialized. The Ccptrol Module will make a call <o the
Menu/State Display Module, notifying it that the cuzrent

state, Cr process instance, is 0. This will cause the
Manu/State Display Modulea to initialize the datza base and
enter state 1. The data base will consist of an acray of

records. Several of the fields will be of variabdle la2ngth.
The fields will be arrangsd in the following manner:

State : integer range 1..maxstate

Number Cp+ions : integsr 1..maxcptions

Meru Display : array (2.,Number Optiomns)
Option

Display Loca*ion
After the data base has been initialized, the
first menu that will be displayed will be the main menu.
Thereafter, whenever a menu selection is magde, the state
will be identified and sent %o the Henu/State Display
Module.
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d. Ship Parareter Data Base

The Ship Parameter Data Base will consist of

informaticn about the operators own ship. I:- will contain a
single record with four elements, and will reside in main
memory. 5
: Coursse : integer range 0..359 i
Speed ¢ integer range 0..maxspeed :
(saxspeed is maximum speed of the :
platform which must be tailored :
for each individual platform). i
Latitude : racord )
degrees : integer range -90..90 ]
minutes : integer range 0..60
seconds : intsger range 0..60
Longitude : recoxd
degrees : integer range

-180.. 180
aiputes : integer rarge 0..60
seconds : integer range 0..60
All elements will be ipi*tialized to 0 after
which tte orperator may input changes manually. Automatic
changes may also be made via ship sensors (e.g., pit sword,
dummy log, gyro, navigation equipment).

€. Threat Data Base

This data will alwvays reside in some seccndary
storage since it will only be needed when requested. The
rotential for this data base becoming very large is readily
arparen+. This data base may only be changed with special

X permission. For the purpose of this simulation i+ will
"y consist of a file of records with six elements.
- Ship Naame : string
Nationalicty : string
A Ship Class ¢ string
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Wearpons : string
ECM Ejuiprment string
Engag2ment Method : string

All information in this data base may be changed

by the orerator using a special code. Th2 informa+icn in
this file may be of classified origin. The data base should
have the carability of being accessed for specific informa-
tion ty tte Ship Name. Purther, to facilitate fl=2xibili+y, a
list of shivs should be capable of being accessed by using
the Naticnality or Ship Class elanm2nts.

f. BEngagemzent Da-a Base

This data base will b2 utilized 1in conjunction
with the Track Data Eass. Since there will be a need for
informatior in both da*ta bases to be identified by a “rack
rumber, it appears appropriate to store bcth data lrases as
one. Hcwever, each data base's manager will only have

access to a portion of the informa+icr. To allow for
ergagemant cf up to 20 tracks, an array of 20 slements will
be needoed. Each of the array elasments will consist of a
record wi<h sixteen €£ields.

Track Nuamkter : integer rangs 100..3199

Type Track ¢ 3integer range 1..7

(1=Surface Friendly)
(2=Air Priendly)
(3=Subsurface Friendly)
(4=Surfaca Hostile)
(S5=Air Hcstile)
(6=Subsurface Hostile)
(7=Unknown)

integer range 0..1
(0O=Manual ,1=Auto)
integer 0..1
(0=Large, 1=Small)
integer range 0.359(degrees

Tyre Engagement

Class cf Vessel

Bearing

o8
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Range ¢ integer range 0..maxrange (miles
Latitude : record .
Degrees : integer rangse

-90-090
Minutes : irteger range 0..60
Seconds : integer range 0..60

Longi tude s record
Degreses : integer rarge
-180..180
Minutes : <ZInteger range 9..60
Seconds : integer range 0..60
Course : integer range 0..359 (degrees
S:ceed ¢ integer range 0..max (knots

Nuasker Miss FPire

integer range 0..8

Piring Saguencse : array range 0O..mex
Tvpe Missile ¢ integer range 1..4
Fligqht Pa+h ¢« TBD
Waypoints : TBD

Missile Selected

integer range 1..max
4. Iev2l 1 Modulss

Level t is the highest level in *he simulation. It
corresvonds ¢ the Control Module of Figure 2.1. It is ¢his
module which will be responsible for controlling all lower
level modules 2amd ensuring that <he simula*ion always
remains in a consistent state. Iamadiately upon activation
of the systen, the Control Module will be responsible for
initializing all of <+the data bases with their required
default values. This may require ¢the addition of a mcdule
to verfeorm initialization and to input default values as the
coerator makes additions, deletions and changes to appro-
rriate data bases.
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The Control Module will also be responsible fcr

ersuring +*hat sufficient parametars are availabls when
calling lower 1level procedures. It will be at +his level
that lower level modules regquiring a "time" field for +*heir
data structuras will obtain the correct “ime. This need for
a "time" field will be addressed in the next chapter.

The simulaticn must further m2et the spescifica+ions
cf Appendix 1, requiring a +training mode and data ex*ract
capabiliry. These features should be incorporated to allow
the user tc sp2acify a training or a full simulation mode. If
the ¢trairing mode is sa2lected than a €file in secondary
storage will be opened. Whenever any change is made irn any
data base, the change will te entered sequentially, with the
time of +le change in the seccndary storagez fils. This will
allow for 1later retrieval of the data so the operator may
study and evaluate his training session.

5. Level 2 Modules

There are twc modules at this level: the Precess
Module and the Display Module. Normally the
Launcher/Missile Assignment Modul: would be at this level,
howaver, it has beer moved to level 3 to allow for manual
irput of launcher and missile assiganmant. This will permit
the operator to fire a missile quickly should the tactical
situation dictata, without having the engagement analyzed.
This does nct prevent automatic engyagement which may also be
dependent upon time constraints and/or the tactical
situaticn.

a. Process Module

The Process Module will control the selecticn of
lover level modules for addition, deletion and making
changes in appropriate data base reacords. The only informa-
tion which the FProcess Module should return tc the Control

32
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Module is information ccncerning errors in improper param-
e+ar prassing and reccrds not found error messagss. If the
oterator selected +the training mode a= *he Contzol Mcdule )
lavel, the Process Module should have been passed <this
informa+icn Jus:t one time. This will allow =2all changes,
additions and deletions to be written “o a secondary s%crage
file. Further, if tte information is passed just once, then
valuable *ime will not be wasted at each call to *he Prccess
Mcdule o see which simulaticn mode has been selscted. The

:
y
:
|
i

Process Module should also prevent unauthorized changes in
+he Threat Data Base Marager Module. The la*+er requirement
may no* ke needed, as will be addrassed later. The Process
Module will carry <the added burden of simulating ship
sensors, NS and third party information. Thess tasks
should, if possible, Le conducted concurrantly.

E. Display Mcdule

Here is the module that has <the potertial to
become very large. The Display wmodule wmust display all
requested icformation without destroying any data in any of
the data bases. This module should only pass informaticn to
the <contrcl module corncerning errors 1ir regquests for
displays that do not exist. This module will undcub+tedly
require additional refinement when *he model progresses to
the model enters the testing phase of the model simulaion.

6. Level 3 Modules

Bcst of the data base managers occur at this level,
with the exception of the Plan Engagement Data Base Manager.
The majority of the graphics display modules are also at
this level. It is here that extrzme care must be mada in
granting write access to the data bases and ensuring that
changes “c fields in the data bases are within appropriate
randes. This might be accomplished as an input con+trol.

SN l’rf_;au‘-'a e

-
e
.

.,
o
.
s 33
. &
:i
"I
.
d .
'...' R I N O B R S P T ST e e e e =
r ------------- R e UL I L N T
R R e e s e e N e




e e A Bt PR St T il e i e et A S s S
R A A A A A A AT A A
.......

a. Ship Parameter Data Base Manager

This is the only module which will have write
access to the Ship Parameter ©Da+a Base. After initializa-
tion of the data base, the ocperator will be able to change
the fislds manually. Automatic updat2s may be made through
the Contrcl Module frcm own ship sansors (¢.9., gyro, navi-
gation eguipment). The Control Nodule will ensure <tha+t
ucdated infcrmation is passed to this mcdule as required,
and upon every speed or course changs. Duzing the period
between updatas ordered by <+he Control Module, <+he Ship
Parametar Data Base Manager will cause updates 2very minute
based urcn current ccurse, speed and position in “he data
base. This will permit those modules with read access to
the data tase to have reasonable confidence in the accuracy
of the da+a. If the Control Module was unable “o cktain an
ucdate frce own ship sensors, the operator will be rotified
that the datz may be out of time tolerance. This might be
accomplished by promrting the operator for input at the
required time, and nctifying him what squipment has failed.

. HPnvironmental Data Base Manager

This Bmodule is responsible for wupda*ing the
Environmental Data Base. It is the only module with write
capatkility to this data base. Since most of the data in the
Environmental Data Ease will remain accurate for several
hours, with the exception of wind spsad and direction, there
is no mandatory updates unless specified by the orperator.
Ir <he case of mandatcry updates, the cperator may specify
time intervals in the Control Module, +*o permit checking of
ship sensors for wind speed and direction only.
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c. Convert Ccordinates Modul=a

This module will provide a capability <for the

wer o

Track Data Base to be updated eith2r manually, f-om cwzn ship
sensors, or via the NTDS 1link. As this module receives
informaticn, it will determine tha coordinate system repre-
cented by the data. The Convert Coordinates Module will

LV - B O

then change, if necessary, +this data %o coordinates in the
reference system the operator has selected (i.e., *trTue, NTDS
grid, qecgraphic). If this module has been acczssed solely

:
J
-l

to add or delete infcrmation, then no conversion shculd *zke
place. At any point, if the operator chooses tc change the
reference system, this module will make the appropriate
conversion cf data for the display.

d. Threat Data Base Managex

The Threat Data Base Manager will be used ¢to
change data in the Threat Data Basa. It is the only module
that will Lave write access to this da*a base. If a change
is wade *0o *his data base, it should be dorce prior tc
commencing training or at times when the system is sclely
activated for this ©fpurpose. Tha major reason for +this is
the potentially 1large size requires that it be s+*cred in
secondary storage, thus significant time will be required to
access *+he desired data to make changas. For the purroses
of this simulation, this model can most probably be deleted.
The reascn for this is ¢that since only +twenty keys are
required to be under software contzol, the real systeam will
probably be updated off line. This should not detract from
the overall testing ¢f the system in latexr phases. It is %
anticipated that secondary storage will be either a hard 3
disc cr tkubble memory.
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€. Menu Display Module

This module will selact +he appropriate menu
f-om the Meru/State Data Base and display it on +the screen.
The Menu Pisplay Module will always keep track of <he
currert state of the system, and only display the available
alternatives. No alternatives should be made availakle that
can 1ot Le carried cut (e.g., allowing a change to the
Environmental Data Base when the Ship Parame:er Data Base is
currently accessed). A1l menus should have the capability
of escaring to the Main menu, This feature will always
allow ths operator *c escape in order +to fire a wmissile.
Since this allowvs the operator to escape before all neces-
sary daza might be input, there will be times when changes
to data bases should not be made until all the required
informa*icn has been entered. An 2xampls is adding & *rack
ard assigning a missile without providing some informa*ion
concerning range and/cr bearing. In this case, no track
should be addad until minimal information has been provided.
The only information <that must be passed to this mecdule is
the current state. Since the specifications only call for
20 keys *c be under scftware control, many of the keys will
be required to have multiple menu assignments. The key will
therefore have to be displayed with the menu selecticn to
which it pertairs.

f. 1launcher Missile Status Display Module

Here the operator is provided with the ability
to check the current missile/launcher status for the entire
system, or any perticn thereof. The Launcher Missile Status
Data Base may be read by this module, but may not make any
charnges to it. If +the operator desires, he may select
disolay fcr a particular missile, all missiles in a specific
launcher, or for the status of all missiles.
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g. Environmental Display ¥odule

When called by the Display Mocdul=s, <+he currsnt
values for the environmental conditions from the
Environmertal Da+ta Base will be displayed. This module will
only have real capabilities on the data base. However, <he
overator will be able to select from one of the rmenus to
sake a change.

h. BEngagement Display Module

The Engagement Display Module controls several
lover level modaules. It's main purpose is *to decide which
scdule tc select based upon the operators desires. It will
cause information frcm the Threat Data Base to be displayed,
¢z infcrsation about the current angagemsnt plan. If the
one-ato- selected the manual engagemant display, he will
have the opportunity to input his own engagement plan and
see wha* will happen, prior to any changes b2ing entered in
the data tase. This will present the cperator anmn cpportu-
nitv *o clteck his plan before instituting it.

i. ship Parameter Display Module

This module will display all informa+tion
currently in “he Ship Parameter Data Base. It will only be
able tc read from the data base, and present the information
in an intelligible fcrm for the operator to understand. A
menu selection will be available when *this module is called,
to vermit the operator +to institute a change to the data
tase.

jo. Track Display Module

This 4is the 1last module at level 3. It's
pur-ose is +o display all tracks currently in the Track Data
Base. Ary time any change is made ia the Track Da*a Base,

'-
‘s
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jﬁ the display should reflect +he chanrnge. This inferma=iorn
should ke displayed at all - times for +*he operator. To
facilitate this, all menu displays and other infcrma<ion
sust be disrlayed on areas of the scr2en outside the track
disolay. The cne excepticn to this is +he engagemant
display which must be superimposed on <he track display.

7. Level 4 Modules

Ttis level of modules controls the type of track
u~da*e, manual missile assignment, automatic and manual
engagement rlanning, and “he display of the 2ngagement rlan.
These wodules will be used almost axtensively for selecting |
lower level modules to process data.

a. Type Track Module

Little is regquired of this moduls. I+ must
decide if a track is being accessed for addition, deletion
cr update, and then select the proper 1lowar level module.
One task that might Le useful to incorporate at this level,
is to maiptain a count of the number of active tracks in the
Engagemant Data Base. By keeping a <count at this level,
unnecessary searching of the data base can be prevented when
a track addition is needed and the data base is full.

E. Launcher Missile Assigament Moduls=

This =@module is cne of the most significant.

It's purpose is to allow the operator <o bypass engagement

planning modules and gquickly select and launch the desired

sissiles. The operator will have the option of assigning

any nissile to a specific track. Aftsr launch the

Engagement Data Base wmust ke updated. This may be done by

ubdating the Launcher Missile Status Data Base with informa-

N tion that the cannister is now empty after <he missile has
@ teen fired. A drawback to this is <that by allowing the

F.‘j
N
E’::: 38
Y.
N

»
B
. s

LN
.

7,

* - - -, . . - -
m,.t‘..-.ﬁf T TN, e T AN AN L e L Sy e e At et e \
N A Rt R OO T e "*‘2"_“ A A W T T LN N Y N T T




overat*cr to fire in this manner, h=z2 will not be able to
cbtain an engqagement display for this firing. The operato:z
may select *his module only from th2 main menu. '

c. Plan Engagement Module

This module automatically generates the optimum )
type encagement for all designated tracks unless manual 5
input has been srecified. Th2 Launcher and Missile
Assignment Module may also typass this module wherever rarpid
firing ¢f a missile is manda<ed. Informatior will be
cbtained from the Engagement Data Module and Probabili+y of
Acquisiticn Module, and a sclution identified. The solu+ion
will then be e2ntered in the Engagement Plan Data Base. This

-
A
“

informa*icn may ke displayed by the operator, whenever he
dasires.

d. Threat Display Module

Upon entry into this wmodule, the operatcr will
be rrompted for the method by which desired information
should be ottained frcam the Threat Data Base (i.=2., via ship
name, nationality, or ship class). After the opera%*or has
made his selecticn, the module will access tha Threat Data
Base in secondary stcrage, and display the requested infor-
rmatiocn. The operator will have the opportunity of
raquesting addit ional information if h2 originallv requested
informa+ion by nationality or ship class. If the information
requested will nct £i* on the scresn, the operator should be
able to conduct paging until he cbtains the necessary infor-
mation. He must be allowed the opportunity to escape a*+ any

time. The menu selection shculd therefore allow for paging
until all +he information has been displayed, or the oper-
ator bhas requested ar escape.

>
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. Informaticn cbtained from the Engagement Plan Data Base will
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€. Automatic Engagemen* Display Module

Here, all infcrmation <concerning the planrted
engagemant for a desired track is displayed. This will i
allow the ogeratcr tc see before hand if the +ype engagement

L e

is proper, and if not, make the appropriate adjustmencts.

be passad to a Graphics Display module so that +he actual
display may be made. The reason for passing the infcrma-~
tion, instead cf displaying it immediately is tha* +*he

i
31
R
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Manual Engagement Display Module will wuse the same graghics
module. The will help prevent a duplication of code.

This level might be considered thes work lavel. It is
hére that the majority of data is added, dele*ed or changed.
Informa+icn is also c¢btained at this level for forming an
automatic ergqagement solutionm. The Graphics Display Mcdule
also does all of the work at this lavel to present the oper-
ator wi%h an angagement display.

a. Delete Module

Por ease in deleting a track, the d2lete mcdule
will locate the desired track in ths Track Data Base and set
the Track Number and Track Type (fields %+o zero. This will
cause the record to become free for future use,. If the
track is not locatad, the operator must be notified, ia the
event that an improper entry was mad2., There is nc need %o
zero all the fields in the data bass, since other modules
vith read access will know by the Type Track field, that the
record is inactive,

40
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t. Upda+te Track Module

Hare “he operator must be giver a menu selec=icn
to vermi* this mocdule to decide if hz wants to updatz ccurssa
and speed and/or range and/or bearing. He should bave *he
capakility of update any or all. H2 must then identify the
track he desires to update. If the update is automatic, the
Unda+te Track Module will decide which lower lev2l module tc
call,

c. Add Track Module

I1£f +he Add Track Module is «called, i+ will
search the Track Data Base for the an available Track Number
field to have all zeros. Zeros in the Track Number field
indicated the record is free for us2. All informa+ion passed
will this be placed in this record. If no record is avail-
able, +tte operator will be nctified, that “he data base is
full. An additisnal requirement for the track data base,
pay be the reed ¢to place a priority on each of the *tracks.
This would allow the removal cf th2 lowest priority track if
the da+a base is full and a highar priority track is
designated.

d. Engagement Plan Data Base Manager Module

The cnly purpose for this module is tc¢ enter
infcrmation into the Engagement Plan Data Base as specified
bv *he Plan Engagement Module. It is the only module to
have write access to the Engagement Plan Data Base. If the
cterator had decided cn a manual type engagement of his own
vhile in the Manual Engagement Module, this information
wculd have been passed up and down through *he Control
Module.
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iﬁ? ...................
iﬁ? €. Probability of Acquisition Module
'?55 This module will generatz +he probabilizy of
(f\ acquisiticn by obtaining information from <+he Uacartairity
iﬁﬁ Bllipse Module. Information that must be passed <o this
Bﬁﬁ module is +ype missile, search patta2rn, type targe%, and
‘?9 target ECN capabilities.
N .
e f. Graphics Display Module
e
%ﬁ? This module will probably be the most difficult
tﬁi and cumkbterscme module tc develog. It must be set up %o
. disrlay; all the informa*icn corcerning engagement of all
-;$§ targets. 1I* must not erase the information displayed by zhe
f:f Track Disvlay Module, and it must be flexible encugh to
) handle use from the Automatic Engagement Display Module and
\fg the Manual Engagement Display Module.
.,
2o 9. Level 6 Modules
g
5 This is the lowest of the module l=zvels. At %tis
igq lav2l minor calculatiors are made, data is obtained from
E;? several data bases, cr changes are mads ir data bases.
Zgj a. Course/Speed Update Module
)
If called by the Update Track Module, the Track
Lata Base will be accessed for a course and/or speed change.
This module mus* ensure that all entries to course and/or
; soeed are vwithin progper range. If not the operator must be
;;} notified to reenter, or verify the +he information to be
;QE correct. If the change was requested by an autcmatic update,
:f& and was cut of range, the inf-~mation must be displayed to
," the operator, so that corrections may be made or *he request
N canceled.
~o\
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E. Bearing/Eange Update Module

This module will operate in the same marnzer as
the Update Track Module, excep: it will only deal with the
ktearing and/cr range parameters.

¢. launcher and Missile Status Module

The Launcher Assignment Module may obtain irfor-
mation directly from this moduls in order to select an
available missile for immediate firing. This mwmodulz will
access *he Launcher Missile Data Base and pnermit the oper-
ator to select any missile nc%t inhibited for launch. Once
the missile is fired an update must b2 made throuqh the Plan
Engagement Mcdule 4in the event that the missile has been
selectad fcr another target in the Engagement Plan Data
Rase.

d. Threat Data Module

The only function of this module is to read data
from the Threat Data Base, and provide the informaticn to
+the Engagement Data Mcdule. The module does not have writs
capability for the Engagement Data Base.

€. Uncertainity Ellipse Modul2

By taking parameters such as number of missiles
to be fired, prcbability of acquisition of the target, and
lethal capability of the missile(s) being fired, this module
will return. ellipses to determine <the auncertainity of
locating the target within each ellipse. This information
vill ke rrovided up the line to thea Plan Engagement Mcdule
for evaluation.
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B. SINULATION OVERVIEW

Since the objectives of each module in <the sipula*tica
has been established, an overview of how the simulation
should interact with the user is in order. This overview is
nct all enccmpassing, and should not ra2s<rict implementation
on a broader or more conservative scale. Specifications se+
forth in Appendix C should, howaver, be maintained as
closely as rossible.

Inmediately upon activaticn of the simula+tion, all data
bases will bte initialized to their default values. The user
should not te required to grovide any input to effect this
initialization, with the possible exception of specifyvirg
the tyce trlatform (e.g., destrcyer, frigate, cruiser). The
exception could be randomly generated to keep the user from
alwavs using the same type platform.

Afta2r initialization has been completed, the user will
ke -rcmcted for his desired mode of simulation: full simula-
tion mode or traiaing mode. The only difference in the
selec*ions is “hat the latter causes all changes to any data
base to be entered in a secondary storage file fcr later
purusal. The user will then be prompted for the curcent
tim2 in hours, minutes and seconds. This information will be
used to start a real time <clock. The clock will <time the
simulation, and provide randcam variants for the generaticn
of ship sensor, autcpatic input and required manual inpu*
data. This latter feature will provide some sense of
realism ty requiring some information to be manually irpu+
by the user. Purther, the use of theoretical frequency or a
probakility distribution is considersd to be more efficient
use of computer time and memory storage requirements than a
canned *tatle look-up procedure.
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Thrcughout the simulation, <the wuser will be randculy

e

rrovided with information ccncerning all of the datz2 bases.
He should have *he option +to decide at any “ime to input
additicnal informaticn, provided the input makes sense.
Additiorally, provisions shculd be provided to simulaze <the

failure cf some of the ship sensors, but not sufficient
enough to stop the simulation. An example is simulatirng
NTDS 1liank failure, but then providing data for manual input.
One final intsractive feature that should be provided, is
not allcwing automatic update to the information the user is
m2nually upgdating, as opposed to information simply bteiag
accessed. The simulation will cterminate whenever all
missiles have been fired, or only unlaunchable missiles
temain. The user may also *erm:nate the simulation at any
time.

One additional feature that might be advisable *o add is
a "freeze rroblem" featura. This would allow the simulation
tc be s+topped during the training mode, to allow the cper-
20- to evaluate the froblem. The operator could then resume
the simulation at the same point that it was stopped.
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Iv. SYSYTEM DESIGN LANGUAGE SELECTION

An imrortant step in the model simulation is *the selec-
tion of a system design language. It's purpose should be to
show wha* program units are needed, and what interfaces sach
unit rsauires. However, by selacting a system design
language, no restriction is placed on selecting an alterna-
tive progqramming language for actual implemen*ation.

A. SELECTICE GOALS

In selecting a system design language, no assumptions
have Dbean made about the type of compu“er that will be
selacted fcr inmplementation. For the purpose of <+his
thasis, <the selecticn of a system design language will be
tased ucrcn several necessary qualitiaes for practical soft-
vare engireerirng. The primary goal of the design is <hat
the solution meet the stated specifications. This gcal is
rarely aet if the fcllowing software design gqualities are
not achieved; modifiability, efficiancy, reliability and
urderstandability. The achievement of these qualities will
ecrhance *te attainmert of a good siaulation model as speci-
fied in Chapter 1.

1. Mcdifiability

Although difficult to realizs, the ability to easily
modify “he the software is vitally important, because at
some point a change in the specifications will become neces-
sary. To effectively change a system, the current design
and code structure must be maintainai. If the structure is
saintained by "patching®, for example, further modification
effort rises exponentially to nightmare propertions.
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Therefore, the selection of z design languag2 should permit
the introduction of changes without increasing the
comdlexity c¢f the original structurs.

Several principles directly support the attainment
of this quality. The first is abstraction. By reducing ths
numaber of details a designer is required 4o know arnd under-
sand, at any particular point in th2 design, the systenm
becomes wmore structured and understandable and *hus acre
maintainatle. When a structured system has been developed
utilizing modules which are independent of each other, wmodi-
fications should not radically change the overall structure
of the systen. '

Ancther principle which works ir conjunction with
modularity is, localization. If modules are cr-ea+ed with
loose intercoennections and cohasive internal elements, then
the effects of modification can be limited to a selec* set
cf mcdules.

Two other principles also support modifiability;
completeness and ccenfirmability. When Dbo*h are used
togethe:-, the system may be easily decomposed, and therefore
tecome 2asily modifiable.

2. Efficiency

PP 9

Efficiency evokes the premise <that all available
resources will be utilized optimally. In the software sense,
these r=ssources may te distributed between time and sgace.
Both are ckviously scmewhat dependant upon the underlying
hardware. Thke final design, in this case, waust be amenable
to real time events, in order to allow some sense of realism
vhen compared to the actual systeam. Por the actual design
of this simulation, s=race resources should not impose diffi-
cul+ties since implementation is *o be made on a large
comcuter systen.
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The principles which most <closely support *his
guality include completaness and confizmability,
Comoletaness ensures -that all important elements are
present, vpermitting fine-tuning of a low-level implementa-
tion without affecting higher level modules. Confirmability
ther allows for testing the "improvements" of this find-
tuning, to ensure that the system actually achieves the
sta*ted gcals of the specifications.

3. BReliability

Reliability is a crucial gquality for “he HWS systenm.
It is not a quality which can be built in after design is
accomplished; it must be instituted from the beginning. 1In
the case of the simulation model, if a failure occurs,
degradation should occur gracefully, and net allow fatal
side effects. If aocnitoring of simulated ship sensors is
taking plzce autcmatically, the loss of one sensor should
rct necessarily cause the simulation to fail. In *his case,
manual inputs could be encourag2d through exception
bhandling.

A1l of the principles already discussed which
supzort modifiability and efficiancy also apply to reli-
ability, but for sosewhat differant reasomns. By applying
abstraction, and the addi+tional principle of infcrmation
hiding, c¢nly logical operations may be accomplished at any
particular level. Similarly, if modularity and localization
have been arplied in some purposeful manner, then there will
te 1imited interface between the systams modules, further
enhancing reliabili+ty through reduced complexity.

4. Onderstandability

In produwcing +%*he model +translation, understand-

ability is crrobably one of the most desirable qualities. It
serves in managing tte intricacies of software systems, by
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actiag as a interlipk betweer a problem defini+tion and an
appropriate solution. Un derstandability is, thercfcre,
fundamertal to the other gqualities of modifiabilicy, <ffi-
ciency and reliability.

BEvery principle discussed thus far also supports
understandability. Abstraction extracts essential details,
while infecrmaticn hiding suprresses how <they are imple-
mented., Mcdularity and 1localization thern places +*hese
details intc some well structured design. Then with ancther
principle of uniformity, all similar structures will be of
the same 1lcgical desigmn. Then with completeress and
confirmakility, all the necessary informarion will be
present tc understand the system.

B. ADA QVERVIEW

Bafore specifying Ada as the model design language, an
cverview of the language is needed to see if it will mzet
the selection criteria. Part of <he criteria set forth by
the Ada designers was, program maintainability, program
reliakility, 2fficiency, and consideration of programming as
a human activity. If, in fact, these criteria have been
achievad, then at least on the surface, the design criteria
has already been met. However, a quick lock at the structure
of an Ada program might prove *o b2 a better indicatcr.

Ada is an ex*remely large languaga., It's purpose is to
be atle to respond to important programming issues in prac-
tical, real wrld systeas. To facilitate ease of use, an Ada
grogram ccnsists of cne or more units, where each unit can
be compiled separately. To abstract further, each uni+ gay
be comcosed of any ccabination of subprogranms, tasks and
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1. Sukrrograms

Sub»rograms in Ada, like other languages, are pa-am-
eterized units of precgramming. It may be a procedure or
function, and it defines a singla action. Functions are
utilized as components of an expression, and tharefcre
return some reasult. Procedures, on the other hand, are
called by statements, and return no results. These compo-
nents seem readily relegated to performing fairly specific
duties, such as coamputing the Uncertainity Ellipse at the
lowest level o2f the simulation model. The subprogram uni+
readily suprorts the princirles of modularity, abs+traction,
localization and information hiding.

2. Tasks

The <*ask defines scme action <that 1is 1logically
aexacu*ed in parallel with other tasks. It can be visualized
as indeoendent but concurrent operations of program units.
This would therefore allow implementation on a amultipro-
cessor, a single processor, Or a network of processors.
This gives Ada the added attribute of flexibility. With the
ability tc conduct parallel action, the task struc*ure would
be quite amenable to accessing and updating data bases in
+he simulation model, and for obtaining updates from sinmu-
lated ship sensors.

3. Packages

Packages are components of a program unit which
allow for encapsulation of other components which are lcgic-
allvy related. This includes data <types, data objects,
subrrograms, tasks, and even other packages. This allows for
the exrression and enforcement of a logical abstrac%ion.
Packaqges further sugport the principle of informa“ion
hiding. Only the information necessary £for ¢the user to

50

FETIY * POLN

. N B Y AN T Y R T At AT N E T . .. - - 'l
OVttt D o Ay ot AT AN - L AL AT LS s

s %
POy e i ) ol ARSI L SR I S



o utilize the package is presented. The body or implemen+a-
N +ion is hidder from the user sinc2 he has nc need <o know
how the rackage is constructed.

4. Cther Ada Features

There are several cther items in Ada that tend to j
encourage selection c¢f Ada as +th2 simulation model design :
lanjuage. The first is the exception handling capability. If
an errer (e@.g9., divide by zerc, buffar overflow) or failure
{(2.3., reripheral fails), processing should still contirue
evan at reducad capability. Ada permits user defined excep-
tions, as well as some predefined 2xception conditions. The
exception handler would be ideal for describing situa*icns
vhere simulated ships sensors simulate failure conditions.

The generic program unit is another positive feature
for selscting Ada. With this tool, an algorithm can be
written to perform tlke same operation, but on different data
types. This feature would he useful for describing situ-
ations wkere single, or even multiple, fields of differ=nt
data bases are updated.

Glckally assigned variablas are also provided by
Ada. This would be useful in identifying the current state,
for menu disrlay purgpecses, for all modules in the program.
However, if needed, packages could localize the effects of
*hese variables. It is doubtful <hat many global variables
would be needad for this simulation, but the orption is
available. However, extensive use of globally assigned
variables is considered poor programming practice.

A fipal feature is the CLOCK facility. Most program-
aing languages reguire access to the operating system ¢to
obtain time services, but Ada has provided an avenue to
cbtain “ise informaticn without dsfaulting to the operating
system. Since the simulaticn will require the services of a

Muaevys
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real time clock, this facilirty wculd 1lead to a more urder-
standable simulation design.

C. ADA AS THE SYSTEM DESIGN LANGUAGE

It is apparent that Ada holds all those qualities nzeded
in designing a2 system. Therefore, Ada is recommended as the
systenm design language.

Reference 3 estaltlished a structure fcr the prcgran
design as depicted in Pigure 4.1. In presenting “his struc-
tur2, +wc modifications wvere made. Pirst, the Launcher
Missile Sta*us was mcved under the Update Module, *+o accom~
pmodate grouping of similar tasks. Secondly, the Threat
Disolay was moved ur one level for the same reason. The
overall structure continues to remain the sam2 as that shcwn
in Pigures 2.1 through 2.4,

Appendix P presents a generalized, top-down type
atproach ir converting to a system desigr language. It's
rurpose is +to give a rough presentation of several of the
structure modules of figure 4.1. Although the semantics have
not been checked, the syntax has been verified. This laycut
should assist in the actual conversion from tha specifica-
tions to the system design language.
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V. CONCIUSIONS AND RECOMMENDATION

In developing a design for a siamulation model, iz is
cften easy to loose track of the original problem. This
thesis has attempted to establish a design <+c validate the
soecifica*icns for the HSCLCS update, iden+ify problem arcas
and necassary changes to thcse specifications. This design
should ultimately lead to a verification of <%he systen
requirements.

Although the intended purpcse of the simulatiorn is no*
+0 create a prototype of the HSCLCS, it can be used tc
develop such a prototype and, in addition, if ¢grogerly

dzsigned, be used as a valuabls training devic=a. This
training can be applied as a method of providing access to
*he type cf information an operator can expect to encounter,
c- trovide a reasonable facsimile of a real time HARPCON
engagemaent. )

In developing this design, sevsral items appear=zd to be
the mos* significant. Pirst was *“he decision as tc whether
the orotlem could best be sclved by a simulation. Reference
3 provided an analysis to help make +this decision 4in the
affirvative. Next, was the 1issue of narrowing dcwn the
tcundaries of the real system wvhich should be simulated. As
the modz21l design progresses, the need *o modify these deci-
siors will undoubtedly be required. This will -entail
removing scme items, since normally aost designers tend to
incorporate too wmuch wvice too little. This design will
gurely support this conclusion.

The model specification was another important issue that
this thesis had to resolve. To this end, several concepts
rroved themselves invaluabla. The first was abstraction.
This allowed the identification of those features of the |
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r2al system which were essential in the model. Then, by
utilizing *he ccncept of modularity, each primary fsature
was specified inderperndent of the specifications of any
cthers.
A final idea that was utilized at the mcdel specifica-
tion stage, was to avcid restricting the implementor. If the
: specification contains ¢o much detail, an undue burder may
te olaced on the actual implementation. This can produce a
model <that does no+t accurately reflect the system it is
irtended tc represent.

A. RECOBBENDED POLLCW-ON WORK

The author recommends exploring the following areas in
further sucrport of the HSCLCS improvement and simulation
mcdsl desigr methodolcgy:

- Research and develop the algorithm for the uncertaini<«y

@llirse to support the HSCLCS simulation model.

- Research and develop the algorithm for <the probabili+y
of acquisition tc support the HSCLCS simulation model.
- Devalop 2 graphics package in support of *he HSCLCS
sisulaticn model.
Investigate different computer systems for implementa-
tion of a final design.

s

:ﬁ;; - Convert the simulation model design into the System
4- -

‘0 Design language usinrg Appendix F as a guida.

- Research whether ¢f aspects in this simulation which
might be transferable to simulation model development of
other cruise missiles and their follow-ons.

- Study the faasibility of utilizing Ada as th2 program

@ desiqr language, in addition to <+he system design
e language, for the HSCLCS simulation model.
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ARPENDIX A
GLOSSARY

Data Base - A file of interrelated data s*ored together

_-_—— SE=Z=

: to serve cne or more applications and that remains indepen-
dent c¢f rrocrams using the data.

Data Structure - Cictates <he organization, methods of

access, degree of asscciativity and procsssing alternatives
foer information.

Embedded System [Erogram -~ A computer program that is
part cf scme larger sntity and essential to the operaticms
of that system. Por example, the timer on a washing machine
ocr the guidance system in a missile may have computer
programs which are ccnsidered to be embedded.

Punction -~ Name given +to one or more statements that
perform a specific task. Results in a value being assigred
tc its name upon execution of that specific function.

Informatiopr Hiding - Specification and design cf modules
sc that infcrmation (grcc2dure and data) contained within a
module are inaccessitle +o other modules that have no need
to know the informationm.

Interface - Communications between modules gdoverned by a
set of assumptions one module makes 2bout ano*her.

Module - A seperately addressable eleament with a single

o T

coherent rurpose.
Modular D3sign - A logical partitioning of softwars into
elements that perform specific furctions or subfunctions.
Navy Tactical] Data System - A communications 1link
tetveen different pfplatforas (e.g., surface ships and
aircraft, submarines and surface ships). Real time informa-
tion is rassed via this communication link.
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Package - A prcgram unit spacifying a collection of
related entities such as cons*tants, variables, <“ypes, and
sub:rogranms. The visible par* of the package contains the
ertities that may be used frcm outside the package. The
private rart 5f the package ccntains structural details +hat
are irrelevant to the user of the package but tha* complate
the specification of the visible entities. The package becdy
contains the iwmplementation of the subprograms c¢r <“ask ‘
(cossibly other packages) specified in the visible pact. ;

Packaging - Alludes to the techniques used *o0 assemble
software for specific p-ocessing environmeat or <o ship
softvare to a remote locaticn.

Probatkility c¢f Acquisiticn - Calculated probabili<«y of
seek-head acquisition of intended target -based upon informa-
tion availatble.

Sutordinate Module - A module controlled by ancther

module.
Subgr¢gram - An executable program unit, possibly with
varameters for coamunication with its point of call. A

subprogram declaraticn specifies the name of the subprcgram
ard its parameters; a subprogram body specifies its execu-
tion. A subprogram gay be a procedure, which performs an
action, or a function, wvhich returns a result.

System - A ccllection of elements related in a way tbhat
allows accomplishment of some tangible objactive.

Task - A program uni* that may operate in parallel with
cther prcgram units. A task specification westablishes the
rame of the task and the opnames and parameters of its
entries; a task body defines its execu+ion. A task tyge is
a svecification that permits the subsagquent declaration of
any number of similar tasks. A *ask is said ¢o depend upon
*he unit 4ir which it is declared (subprogram body, <*ask
body, or a library package body). A uni% is not left until
all dependent tasks are terminated. A task is completed if
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i+ is wai*ing at the end of its bedy for amy dependen+< *asks :
cr is atcrted but nct yet terminated. A complsted *+ask
{ cannot be called. A terminated task is, in a sense, the 5
< sama as a dead task in that it is no longer active.
Uncertainty Ellipse - A probability associated with a
- track (cr target) that its position is within a given
: geographical location.
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4 ARPENDIX B i
3 ACRCEYNS AND ABBREVIATIONS ;
- BIT - Built In Test i
N BOL - Bearing Cnly Launch .%
2 BRG - Bearing .1
CML - Gnnister Missile Launcher o
CPU - Central Freccessing Unit
o>,
i ICcu - Data Conversion Uni+
94 - Data Processor Computer
:f GDS - Graphics Cisplay System
“
. BCC - HARPCON Centrol Ccmsole
{
N BSCLCS ~ HARPCON Shipboard Command-Launch Control Set
N
v BWS ~ HARPCON Weapons Systeam
NTDS - Maval Tactical Ppata Systen
oLS - Oon-Line-Sizing »
s RAM - Randca Access Memory %
4
._j RBL - Range and Bearing Laurch 1
- K
3 BNSH - Royal Navy Sublaunched HARPOON 2
& :
- STOT - Simultanecus Time-~on-Target I‘
F)
e UV-EPROM - Ultra-Viclet Eraseable Programmable Read-Only
N Memory
RCIP - Weapon Ccantrol-Indicator Panel
‘5 59
\
M

- " '---~"."“u. . ‘...' -’- '.- '-u"-- ’ ----------------- O '.a '~- ‘b ‘.. - . '— - - P - - - -
‘i ta PR SR LA SERERLALLE SR SE R




. B Ty T sy e %

2
»
&

l"l.:. .

= WCS - Weapons Ccntrol System

Z0LU - Greenwich Mean Time
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1a.

........

O:erational Mmta/Information
Baselire

Surface Contact Pcsition

(range/tearing) .-

The use of bearirg line in
additicnr to *he 1t requirsment
reduces the rnumber of displayed
surface contacts ty two per
bearing line.

-Designated Target

Target Category and Classifi-
caticn Displayed.

-Unintended Target (s)

Targe* Categcry and Classifi-
cation Cisplayed.

1b. Surface Contact/Bearing Line

2. Own Ship Position

Air Ccn+ac+t Position

4. 3rd Pafty Targetirg Data Socurce
Desiagnation
WCIP shall rasolve target fposition
based on range and bearing input
from 3rd party or bearing lines
from 3rd parties or own ship.
-Manual Entry of Bearing Lines

-Manual Entry of Eange and Bearing

2
%

PR

LN

5. Target Classification

. 4, tha

. 4 s a
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Design Goal

10 20 (min)

3 (min)

3(win)

3(min)




6.

8.

-Large (default)
Larger than a patrol boat.

-Snmall
Patrcl boat or smaller.

Ccn“act/Track Course Direction
Indicator
Prcgram automatically ccmpensates
for own ship's motion.
~Directicn Indicatcr
~-Dead Feckoning (Cwn Ship Only)

Contact/Track Targeting Data Sourc2
~-Manual Input
With appropriate data source errcor;
includes 3rd party.
-Automatic Input
-NTIDS
-FEALAR
~SONAR
-EW/ESH
-Tarqet Designaticn System

Wind Faramaters (relative)

-Steed

-Actual

Manual input.

-Default value
-Dicecticn

-Actual

8anual input.

-Default value

Temperature
-Actual

Manual input.
-Default value

62

e P4 P P4 M

- s

PR

Mk &

Lok BelaibinS,

PPy L

)

womsami K 4%

.
e et B B P %y "y 7,



.....
.............

10. Precipitation
-Yes X

| SPEFII

Manual input.
-No (default value) X

11. Oparator Cues/Lockouts
-launch Inhibited (lockou*s/cue) X
All launch inhibits except roll/
pitch cutout.
-Missile Ready (cue) X
-Data Age (cue)
Target and envircrmental data. ’
-Missile Launch Status (cue)
-Cell/Rail Eapty (missile away)
-Missile Dud Declaraticn
-New Corntact/Track to be Input (cue)
-Illagal Action (lockout/cue)

[
| SERPRENDNDNCS ). WRERUSTRDNP R,

M > b4 Pe

12. Timse/Clock

-20L0 Time X
Star+t clcck: Autcmatic entry via
NTDS Interface and/cr manual entry.

-Time on Target X
Manual entry.

-Timse cf lLaunch X
Cempu*ation.

J.‘.'.!Li' S,

L% 2N
7 )

»
Py

-Ccun+down X
Includes Time-to-Fire and
Tise-tc~Impact.

13. Loadout Status/Missile Variant
Identification
~Paseline/Block I Tactical Missile X
(RGN-84A)
~Royal Navy Submarine BRAKPOON X
(EGNB-8U4B)
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v
L. U,

when reconfigqured for surface

launck.

-Block IE Tactical Missile X
(RGM-8UC)

-Block IC Tactical Missile X
(RGH-84D)

-Supplemental Identification X

(manual entry: info from loadout
lcgbocks of bybrid/nonstandard
seeker-MGU combinations).

-Training A11-Up Bound (RTM-84A/C/D X

and RNSH)
14, Missile In-FPlight Tracks X
15, Up tc 180 degree Cff-Axis Launch X

Qrerational Selections

1. Reference Systen
-Trua Target Bearing/Relative Target X
Range
Tcp cf display is north.
-N1IDS Grid
-Geographic (latitude & longituda)

2. Planned Missile Flight Path 3
Software to ensure that no flighe WPS
path may be selected which could
result in the acquisition of own
ship.

3. Search Mode Selection
<0n Line Sizing (default) w/Manual X
Override
on Line Sizing shall be automac-
ically selected if RBL or BOL are

64

. .v:;_:&;‘;x}&\ RS AN AN e e e e e

WS L e g PG SR " - - . [
s N 2oty o": Lae KR I T SR TP I el e D . - . .
ARG RN S AT AN T '_‘._.:‘.:-_.:\ TR

PSP £ L RS AL g




T

A S » &
o o
L e L

»
«

Y u
s

X

Dt N

(LA

o |

e

RN A AR

* Ve
¢

LI

]
-~
’

¢

o$ -"‘a

Al

not selacted.

--Range and Bearing Launch (RBL)
RBL rattern size shall ke a
function of tctal flight path
(range traveled to target).

~Bearirg Only Launch (BOL)

4. Selectakle Search Pattern Expansion

(0 - 360 dagrees)

For RGN-84D gissile cnly, appliss

to RBL mode and On-Line-Sizing
(CLS) which results in an RBL
search rattern.
-Normal Center Expansion
For RGM-84A/BGM-EUB/RGM-84C
missiles; default for RGM-84D
missile.

S. Enable and Da2struct Ranges BOL
Default values or manual entry
(ranges not supplied over NTDS
intserface).

6. High Altitude Hold
RGH-84D only.
-¥c Entrv; Default
The High Altitude Hold default

range nct to interfere vith search
initiation ard not to exceed 10nm;
i.e., High Altitude Hold range is
set to the minimum of 10nm or range

to search initiation.
-Manual Entry
The selected High Altitude Hold

range nust be less than the Tange

to search initiation.
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7. Presearch Fly-Out

-Sea Skim (RGHM-84D only) X
Default mode - Presearch Fly-oOut is
set to sea skim altitude £ollowizng
the High Altitude Hold.

-Manual Entry X
Presearch Ply-Out at normal RARPOON
run-in altitude as used in curcent
HSCLCS.

8. Terminal Attack PFcde (RGM-84D only)
-Sea Skim (default) X
-Pop-up X

Default cverride ky manual selz2c-
tion ¢f pop-up, "SMALL TARGET"
designation by NTLS, or when
WSMALL TARGET" is entered manually.

9., HMissile Assignment for Engagement
Planning X
Manual entry.

10. Mul:i~Missile Engagement cf 4 8
Designated Target.
Bassline: Up to 4 missiles frcm a
single launcher. (Note: Single
launcher includes TARTAR and
ASROC). Design Gcal: Up to 8
missiles from 2 CHL's.

-Salvc Missiles Against One Target X
Per Simultaneous Arrival (STOT
Salvo).

Operator-planned engagemert.

-Salvo Against Up to Pour Targets X

(single airpoint) Prom One Launcher
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Salvc).
Same aimpoint and a different RBL
search expansion for each RGM-84D
pissile in order *to distribute
salvoed missiles among the targets
in a formation.
-Ripple Salvo as per current HSCLCS
CML Configuration.
-Quick Reaction/Preprogrammed STOT
Salvo.
Mcd:fied HSCICS automatically will
calculate and enter a different
waypcint for each RGM~-84D missile
in a quick reaction salvo for
sisultaneous time-on-target (STOT).

11. Background data and sector data

request.
Usable with NTDS intarface only.

ENGAGEEENT DISPLAYS

1. Con:act/Track Uncertainity Ellipse
~-Designated Surface Targe*

-Uninternded Targets
If selected by operator.

2. Predicted Time-~or-Target

3. pProbability of Acquisition
Numerical value.
-pesignated Targets
-OUnintended Targets
If selectad by operator.

4. Seeker Search Pattern Outline
Por selacted search mode.
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5. Missile Flight Path X
Fer all selected missiles.

t

6. Booster Drop Zone

7. Missile Power Apglicaticn Warning X

OTHER !

PNt ¢ R

1. Test/Maintenance
~Missile BIT Results
-Go/Nc-Go Indication X
-Pailure Status Code X
~HSCLCS BIT Results
-Go/No-Go Indication X
~Failure Status Ccde

2. Training Mode
. Inherent capability provided by
system design. Design to utilize
data from NTDS and/or external
- training support devices via an RS
232 serial interface.
-Contact/Track Location (actual or
simulated) .
-Cff Board Source/NTDS
-0wn Ship Sensors/NTDS
-Manual Input
-0wn Ship Position (actual or simul-
ated).
-Training Scenario Parameters
-Bnvircomsental Ccnditions ‘ X
-Operational Planning Selections X

Lo T T B

3. Data Extract 8
Design +tc be compatible with a:; RS
232 serial interface to provide for q
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? data storages/display in off-line
- devices (e.g., tape cassette Tecor-
& der) .
- -Targe*/Targe+ing rCata X
‘E -Missile Initialization Data
- -BIT Results X
E 4., Major Display Features
Y. -Variable Range Scale X
2 16K-, 32K-, 64K-, 128K-, 192K-, or
4 256K-yard radius. The 256K~yard is
; the default scale.
: -0ffset
~Zcon
’ 8K-, 16K- or 32K~yard radius.
k ~Special Syabols X
j -Cursor, with Bearing/Range readout X
% Manually con“rolled.
y
¥
v
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ARRENDIX D |
DATA BASE DESCRIPTIONS

This aprendix contains the data base descripticns %o be
. used in the simulation model. Thess data bases includs:

1. Environmental Data Base

2. launcher and HMissile Status Data Base

3. Menu/Sta‘te Data Base

4. Shir Parameter Data Base

S. Threat Data Base

6. Engagement Data Base

7. Track Data Base
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1.

3.

4.

S.
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Data Base Nanme: ENVIRONMENTAL DATA BASE
Purvose: This data base contains the current s+a*e of

veather;

etc.
Data Bacse Ussars:
a. Write Access:
k. Read Access:

pData Base Elements:

visibility, sea state, winds, Tain,

Environmenst Data Base Manager
Environment Display
Plan Engagemern<®
visibility
Sea state
Wind-direction and spzed
Relative Humitily
Te mpera*ure
Barome*ric P-essure
Precipitation

Operation on Data Base: Update (manual or automatic)

- Add
- Delete
- Change all elaments

Display
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.; 1. Data Base Name: LAUNCHER AND MISSILE STATUS DATA BASE

;i 2. pPuroose: This data base will kesp track of the number

(* and type of missiles available for lauxnch. \
2 The data base will be updated by feedback from :
E the laurcher. !
e 3. Data Bacse Users: .

. a. HWrite Access: Launcher Missile Status
E. Read Accsss: Launcher Missils Assignment
Plan Engagement
Launcher Missile Status Display

".'N

0 -
MW w4
| S LT R RS ¥ U

4. Data Ease Elements: Launcher Nuaber

'2 Cannister Number
v Missile type
o Launch Irnhibit
x 5. Operations on Data Base: Update - Add
f; - Delete
.
5 - Change all elements
S Display
4
4
o'
R}
:
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1. Data Base Nape: MENU/STATE DATA BASE
2. Purnose: This Jdata base will contain =he menus €£or

prcgram operaticn and also provids *the states
allovable from any opera-ion. That is i+ will
provide the @menus necessary *o access all
aspects of the progranm.
3. Data Base Users:
a. Hrite Access : None
E. Read Access: Display Module
4, Data Pase Elements: Undectermined a+ *his time
S. Operaticns on data Base: Operator can select desired
menu item
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N 1. Data Base Name : SHIP PARAMETER DATA BASE
X 2. purpose: This data base will mairptain all per+inen*

(. infcrmation pertaining to ona's owe ship.  The ;
- design allows for this information to ke input N
3 manually or automatically. N
2 3. Data Base Users: i
] a. HWri+te Access: Ship Parameter Data Base Manager ﬁ
N k. Read Access: Upda te Track N
- plan Engagement ;
Ship ParametsT Display

4. Data Ease Blements: Course
ﬁ Speed
S Latitude
N Longitude
v 5. Operations on Data Base: Update - Chang2 all elements
-? Display
d
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1. Data Fase Name: THREAT DATA BASE

2. purscse: This da*a base is to contain a list of hoszile
surface vessels by nams and class. Associated
with eack class of vessel will b2 the weapors

platform, ECM capabilities, and optimum
engagesent plan for attacking that vessel.
: (The security of tais infcrmation must be

considered when designing the Threat Display
and Threat Data Pase Manager modules).
3. Data Base Users:
a. Write Access: Threat Data Base Managesr
b. BRead Access: Threat Display
Analyze Thresat Data
4. Data Base Elements: Ship Name
Nationality
Ship Class
Weapons
ECM Equipaent
Engagement Plan Reconmen ded

5. Ore-a*icns on Data Base: . Update - Add
-~ Delete (P2rmissicns)

- Change all Elem2nts
(Permissiors)

Display
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Data Base Name: ENGAGEMENT DATA BASE
Furcose : This data base will contair a track name ard
associated engagement plans for <+hat =rack.
The engagemant plan may be generate¢d autcmat-
ically by the computer or manually.
Data Base Users:
a. Writa Access: Calculate Probability cf Acquisiticn
b. Read Access : Engagement Plan Display
Data Ease Elements: Track naame
Tyre of engagement plan (manual or
automatic)
Number of missiles to fire
Sequence of firing missile(s)
Tyge of missile <o use
FPlight pach
Wa ypoints
Cperaticns on data base: Update
Display
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1. Data Base Name: TRACK DATA BASE
2. Purpose: This da*a base will coatain the positicen of
all tracks and pertinent infermation
pertaining to the +track.
3. Data Base Users:
a2, HRrite Access: Delete Track
Add Track
Course and Spead Update
Bearing, Range and Position Upda+=
b. Read Access: Display Track Data
Plan Engagement
4. Data Pase Elements: Type track (friend or foe)
Class of vessal

§
]
!
}

Bearing
Ra nge .
Position (lattitude and longitude)
Course
Speed
5. Oreraticns on Data Base: Update - add
- delete
- changs bearing range
or position
Display
.
¢ “-
"
2
.
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APPENDIX E
MCDULE DESCRIPTIODNS

This appendix ccntains the module descriptions of the
modules shown in- Pigure 2.1 th-ough Figure 2.4. These
modules include:

Control

Process Ingut
Shig Paramtter Da*a Bass Manager
Environmental Data Base Manager

Threat Lata Base Manager

Convert Coordinates

Type Track

Delete Track

Update Track

gourie ang speed U d%te, ) Do dat
earing, Range, an ositiecn ate
1dd track 9 _ P
Launcher and Missile Assignment
Launcher and Missile Status

Plan Engagement

Plan Bngagenent Data Base Manager
Engagemént Data

Threat Data .

Probabz}zty of %cquis;tion
Unceptainty Bllirse

Displa;

Menu D spla&

Launcher and_Missile Status Display

Envirormental Display

Engagement Display

Thredt Display

Automatic gagement Display

Graphics Display .

Manual Engageészent Display

Ship Parameter Display

Track Cisplay
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1.
2.

3.

4.

1.
2.

3.

4.

5.

podule Name: CONTROL, NUMBER 0

Mcdule Purpose: The Ccntro module calls all cthec
modules an determines “he prcgranm

flovw.

Subordinate Modules: Process Input_fn )
Launcher Missile Asg%gnment (3.1)

Plan Engageman= (3.
Displayg(a) ¢

Objects Used by the Module: Manual inputs
Operaticns Module Performs: Selectiorn of subordinate

modules to perform program
operation.

Mcdule Name: PRCCESS INPUT, NUMBER 1

Module Purpose: Selects subordipate module to update
corresponding data bases.

Sutordinate Modules: s%i Parametar Data Bzse Manager

nvircnmental Data Base Manager

1.2
onert Coordinates (2)
Threat Data Base Manager (1.3)

Okjects Used by the Module: Manual 1Inputls to update

modules
Operaticns Mcdule Performs: Szlects ap%ropriate subor-
dinate mogdule to  ugdate

corresponding data blase.
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Module Name: %H%E PARAMETER DATA BASE MANAGER, NUMBER

Mcdule rturpose: Update the Ship Parameter Data Bas2 by
€ither manual or automatic means.

Subordinate Modules: None

Otjects Used by the Module: Ship parame=er input data

Operations Module Performs: Updaue of the Ship
Pirameter Data Base.

Module Name: %NSIRONHENTAL DATA BASE MANAGER, NUMEBER

Module Purpose: Update the Environmental Data Base by
either manual or automated means.

Sutordinate Modules: None

Objects Used by the Module: Envirormental input or
update data.

Operations Module Performs: Update 0of the Envircnmental
Data Base.

Module Name: THREAT DATA BASE MANAGER, NUMBER 1.3

Module Furpose: Update the Threa*t Data Base by either
uanual means or through the use of. a
stan ard chlp that can be per*odlcallg

g atad nd sent to all "ships wit
HARPOON capablll.y.

Sukordinate Modules: None
Objacts Used by the Module Data used %o update the
Threat Data Base.

Operations Module Performs: Ugggte cf +the Threa+ Data
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1. Module Name: CONVERT COORDINATES, NUMBER 2
2. Module Purpose: 1To convert all inputs to update *rack
data to common cootrdinatas, The inputs :
can be manual, from own ship's tracking '
equipmert or from a NTDS link froa :
cthar platforms.
3. Subordinate Modules: Type Track (2.1) ,
4. OLkjects Used by the Module: Infcrmation used +o updatsz .
the | Track Data ase, i
bearing, range and posi- i
tior. :
S. Operatinsns Mcdule Performs: All sources of input for :
the Track Data Base ares K
converted to common coordi- g
nates whether they are K
manual, NTDS or from -
another source. 1
1. Module Name: TYEFE TRACK, NUMBER 2.1
2. Mcdule Purvose: 7Type Track detsrmines if the <track is
t0 be deleted froam the database, added
to the databass, or som<s parameters of
a vpresent +*rack are +«o be altered.
These , actions are = performed by
selecting thae apprcpria*e sutordirnate
godule.
3. Subordinate Modules: Delete Track 2.1.1;
Ugdate-Track 2,1.2
Add Track (2.1.3)
4. Oljects Used by the Module: Classification of tyge
upiate to be ggrforme ;
additiop, dele*icn o§
alteratién +*o  thé Trac
Da“a Base.
5. Opera*icns Mcdule Performs: Salection of delete,
updata, or _add track subor-
dinat2 aodules based on
track type.
81
NI




e
------------------------

1.
2.

3.
4.
5.

5.

Module Name:

Module Furpose:
the

longer usefa

Ssutordinate Modules: None
Objects Used by the Module:

Operaticns Mcdule Performs:

Mcdule Name:

Mcdule Purpose:
trac

sukordinate Modules:

Okjects Used by the Module:

Operaticns Mcdule Performs:

........

DELETE TRACK, NUMBER 2.1.1
To aliminate tracks
that

UPLATE TRACK, NUMBER 2.1.2

T0 ugdate the
s in the Track Data Base.

Course and Sgeed
Bearing and

-----

Y

from the data bhase
Earator determines 2aTc2 0o

Llacu n s a + 2 X B 2

None

Track identified ~0 the
Delete Track module is
removed from the Track Data

Base.

information con*ained on

2.1. 2.1
ange((2.1.2.E)
Bearin and range from a
fgxed goigt. I

Elapsed time.

own ship course and spezd.
Target course and speed.

suberdi-
be called
desired

Detz2rmines which
nate module is %o
to perform the
update.
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1.
2.

3.
4.

5.

2.

3.
4.

0 Rt Y

Moduls Name: COURSE ANT SPEED UPDATE, NUMBER 2.1.2.1

Module Purpose: To update the course and spe2ed Infcraa-
ticn or e2ach track cona*tained in <he
Track Da*ta Base.

Sutordirate Modules: Ncne
Objects Used by the Module:

Operations Mcdule Performs:

Module Name: 5 1. RANGE,

Module Purpose: To update

%cn (latitude and LongZ+tu
on each

Ow shlg cpurse and speed.
Ellapsed time.

Bearlng and range from a
fixed point.

NTDS link irformation.

Determines ccurse angd =peed
of t-zcks based
bearing/range and ellapced
time w en éntered marually
and ug atas Track Data
Base. i+h automated irack
informatio available
é-.g., NTDS) modu1= ugda tes
raCk Data Base

given course and spee

AND POSITION UPDATE,
+he bearing/range and posi-
informa~

track contalned in the

irack Data Base.

subordinate Modules: None
Otjects Used by the Module:

Operations Mcdule Performs:

AN - '\"'\

I

LR

gyn ship sensor informa-
ion.
NTDS link information

Determines hearlng/van a
and position of trac
based on owr ship sencqr
information and own shi
position, when entere
manually and dates Track
Data Base. h automated
track lnformation availartle
€eG ey DS) module updates
rack Data Base wit the
given, bearing/range and
position.
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3.

4.

5.

1.

3.
4.
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Module Name: ADD TRACK, NUMBER 2.1.3

Mocdule Purpose: To allcw new tracks %o be input into
the Track Data Base.

Sutordinate Modules: None

Objects Used by the Module: Course, speed,  tearing,
range, position, iden+ifi-
cation of track (friend oz
foe and ship class).

Operaticns Mcdule Performs: Permits the additiorn of new
gracks into “he Track Data
as2.

Module Name: LAUNCHER MISSILE ASSIGNMENT, NUMBER 3.1

Module Furpose: Allow the operator to _ bypass +he
engagement planning capabilities of che
compater system and simpply seliect and
launch the desirad missiles.

Subordinate Modules: Launcher and Missile Status
Otjects Used by +he Module: Inguts fron operatOﬁ iden-
tify che

iag which laun r and
missilés t9o be fired 1in

which, bea;zng, ,ragge and
vaypoints if desired.
Operaticns Module Performs: The Launches Missile

Assignment module allows
the "operator. to manuall
sslact a launcher an
m;ss;lg_ to be fired in a
ivan directior similar to
the Eresant capabilities of
*he HARPOON Weapons System.
The automated, engagenent
planning functions "of this
program are bypassed.
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Modules Name: LAUNCHER AND MISSILE STATUS, NUMBER 3.1.2

Mcdule Purpose: o provide currant informaticn on what
aunchers _(port _and, starboard) are .
ready_to €£irs and which and what type |
missiles are ready for firing. :
sutordinate Modules: ©Ncne .
{
Objects Used by the Module: Which 1launchers (port and ‘
starboard), are ready *to .
fire, Which and what type :
missiles are ready or )

firing.

Operaticns Mcdule Performs: The Launcher.  and Misgile
Status module recelves

automated inputs from

zach

launcher on the  status and

tyge of all missiles.
information is uged
update che Launcher

This "
to r
and B

Missile Status Data Base. .
When queried bg either %he T
an

Laupcher
Assignment wmodule or
Engagement Data moduls2

Iadncher and Missile Sfatus

module can return
status of launchers
missiles.
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1. Mcdule Name: PLAN ENGAGEMENT, NUMBER 3.2

2. Module Purpose: To determine the optlmum engagement
Flan for a given target.

ngagement Data Base Manager

=
2 W)

3. Subordinrate Modules: Plag
a
Prob

En
«le1
g ge%en* Data (3.2.2
obabi

b lity of Acquls1%10n (3.2.3)

4. OLkjects Used by the Module: Which track +o plan the
. engagement for.

S. Operations Mcdule Performs: Tha Plan Engagemen* mcdule
is *he heart” 0f %*his soft-

war2 program. This module
detecmines an optimum
engagement plan for desired
targacs. he targe+s that

havé an engagemént laa
comguted can beée identified
eit a selective
manual 1: u* or can be
automatically generated for
all contacts_that are_clas-
sified hostile (This latter
process weuld require a
slight modiflcatlon to the
design; ¢ngut +*o0 the
Plan- Eng agam must be
received from the type
tzack module). Through
access to the Threat Da¢a
Basa, Launcher Miseile
Status gata Base the
Optllﬂl plan for engaglng a
selected ge ¢an be
computed. func*ions
pe: ormed by this mcdule
can greatly assist the
Tactical Action Officser in
the performance of his
duties.
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1. Mocdule Name: 5L%N1ENGAGEHENT DATA BASE MANAGER, NUMBER

2. Module Purpose: %g eupda‘:e the Engagement Plan Data
S€.

3. Sutordinate Modules: Ncae

4. Objacts Used by the Mcdule: gement E%an as eLer-
y the

Enga
atéd b gagement Plan
Modu

le
. S. oOre-a*icns Mcdule Performs: The Plan Engagement Data
Base Manager enters all
engagement  plans that _the
Plar Engagement mcdule
enerates into a Plan

ngagement Data Base. This
vay a4 _list of <the engage-
meiit plans for all apE i-
cablz targe+ts is ap*
current in a data Lbase.

1. Mcdule Name: ENGAGEMENT DATA, NUMBER 3.2.2

2. Module Purpose: The Engagement Data_ module supplies the
data_ne€éded by the Plan ngagement
rodule to generate the Engagement  Elan.

3. Subordinate Modules: Launchfr aad Missile Status
hreat Data (3.2.2.1)

4. OLkjects Used by the Module: Which lauacher and missiles
arer ready to fire. .
Al ertinent information
on ostila Shlg class
wvaapons, ECY equipment and
bast  stzategy "for attack
contained ih the Threat
Data Base.

5. Operatiors Module Performs: The Engagement Data mcdule
coordinates the  passing cf
all data base infcrmation
neaded to gesnerate an
engagement plah_ to the Plan
Engagement module. In this
desigp, that informatien is
contained _in the Launcher
and Missile Status wmcdule
and the Threat Data module.
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1. Mcdule Name: THREAT DATA, NUMBER 3.2.2.1

\".-
ot
- 2. Module Furposs: To provide the infcrmaticn contained in
] the Threat Data moduls o the
ﬁg Engagemsnt Data module when requasted.
%3 3. Suktordinate Modules: Ncne
Ef 4. Objects Used by the Module: All elements contalned in
. ths Threat Data Base, ip
b= class, weapons, platform
. ECM Capabi 1*{ and best
. plan for attac
L S. Operaticns Mcdule Performs: The Threat Data module
3 rovides t gaqelent
0 §lan module uith al
) information, is
v contained in +he Threat
Data Base. This infcrma-
. tion is then .used tc "deter-~
. mine *he optimum engagement
- plan.
-
A,
.
s
BN
i .
ot
~
"
)
.
<5
v,
N
¥
[
-
e
L
11. 8 a
)
v

R T T R

.
\ AL NN ¥ A I S A
VN e - Cvattar .}.- [ AR S e ‘\J-‘_.‘

Tt e N AN Y ‘-. Y -." S INDR

o ¥ o




DA RER
".‘-nh

b el i QT S AN

2.

3.
4.

S.

Module Name:
Module Furpose: To de%grmine_what the probability is

Operations Mcdule Performs: Ths Probability

PROBABILITY OF ACQUISITION, NUMBER 3.2.3

tha+ missile is "laurnched 3+ "a
given tarqet that the missile can
acqu::e and hit that target. !

Subordinate Modules: Uncertainty Ellips2 (3.2.3.1)
Objects Used by the Module: The fi ure qeiezatad bguthe

Uncert _gse mo
Typ2 m1551 2 to be launched
an searc pattern.
ge targ *5 _be attacked
and  its ph sical charac'e;-
%stlcs an ECM capakbili-
ies.

B B

of
Acqulsltlon module uses ‘he
type missile fired, range
0 target, and target chafr-
acteristics to generate tge

probability t
nissile can acqu1r= and hit
the given tarfget. This

inforkation along with the
value ob*aired from _the
Uncervairty Ellipse module
is then passed _+o the Plan
Engagament module where
they "become elements of the
engagement plan maintained
%n the Engagement Plan Data
ase.
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1. Module Name: UNCERTAINTY ELLIPSE, NUMBER 3.2.3.1

2. Module Furpose: To determine the probability ,-ha: a
given missila, Qr set of " missilss
fired at a spacific target will sink

that target.

3. Subordinata Modules: Nomne

4. OLjects Used by the Module: ggmggr of missiles to be
fired,
Probability ¢f acquisition
of the targe*t. =
Lethal Capability of
missiles fired.

5. Orperaticns Mcdule Perforams: The Uncertainty Ellipse
module takes the number and
capabilities of 6  missiles
fired and combines _these
valuss with the Brobabxllty
of acquisition *c generate
tha prfobability of 2 target
kill. The Uncer<ainty
Ellipse module can generate
ellipses, , with assigned
grobabl ities stating hat
total astruction ,Qf the
target will occur if it is
within one ellipse, 50%
disability of  the target
.wilil occur if _it is within
a second ellipse, atc.
These ellipses will account ]
for the fact that hostile
targe- positions may nc: be
complately accurate.
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1. Mcdule Name: DISFLAY, NUMBER 4

2. Modula Furpose: To call subordinate modules as reces-
sary to generats requira2d displays.

3. Subordinate Modules: MNenu Display éu.1)
Launcher an |
Display (4.2 . i
Environmantal Display (4.3) ‘
Engagement Dlsplqg 4.4) o
Ship Paramgtar DisSplay (4.5) g
. Track Display (4.6

4. Objects Used by the Module: Display requests.

S. Operaticns Module Performs: Th2 Displag modu%e calls
the requirad modules %o
generaté display as neces-
sary.

issile Status

1. Module Name: MENU DISPLAY, NUMBER 4.1

2. Module Furposa: To access the Menu/State Data Base_ and
display the raquired menu when called
and keep track™ of the sta*e of the

Frogranm.
3. Subordinate Mdules: ©None
4. Otjects Used by the Module: Information coatained in

the Menu/State Data Base.
S. Operaticns Mcdule Performs: The Nenu Display module
will access the Mépu/State
Data Base and provide the
nacessary menu_ for display
whan prompted b +he
isplay module. .The Menu

Display module will also
keep tTack of the state c¢f
the program, _that _  is what
meaus can be displayed
iven that the state ¢f the
grogram exists now with a
urfent menu.
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1.
2.

3.
4.

e S i S S R e e il Y e e e

Module Name: LAUNCHER _AND
NUMBER 4.2
Mcdule Purpose: To access

Status Data Base and
of the information
data bass.

Subordinate Modules: None
Otjects Used by the Mod ule:

Operations Module Perforas:

Mcdule Name:

Mcdule Purpose: To_access

and provigde

Subordirate Modules: None
Otjects Used by the Module:

Opecaticns Module Performs:

ENVIRONMENTAL DISPLAY,
the Envzronnantal

a gla¥ the infeorma-
+ion ccntained 1n hat data base.

P et e et sV @ T T A

------------------

MISSILE STATUS DPISPLAY,

the and Missile
provide a displa

con+ained in <=ha

Lauacher

Infornatio contained in
+he Launcher and Missile
Status Da*a Base.

The Launcher and_ Missile
module will

Status Disglay - ]
information

congalned in the Launcher
and Missile Status Data
Base when _prompted by +he
Display module.

NUMBER 4.3

Da*a Base

Igformathn contaired in

e Envairormental Data
Basea.
The Env.ronnents Dl la
sodule will g ptbg
informa+ion conta in

the Environmen+al Da+a Base

~ed b th
splaypgggglg. Y ©

(
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1. Mcdule Name: ENGAGEMENT DISPLAY, NUMBER 4.4

2. Mcdule Furpose: To graphically displa the £fligh* path
P cf ?mggsiles y‘:hatp a%e to bg £lcwn
. against a set tariet. Thzreat data on
+*+he target will also_ be displayed. The
engage xént g ay will have <%ke capa-
i€ to 2 .suferlmposed cver ths
general track display.

3. Subordinate Modules: Threa+ Disglay (4.4.1)
Autopatic Engagement (4.4.2) !
Manual Engagément (4.4.3) i

4. Okjects Used by the Module: {hggat Data Base informa-
ion.
Engagement Plan Da*ta Base
infoZmation.

Manual inputs for an ;
engagement plan.

S. Operations Module Performs: The Engagement Display
module calls wupon subordi-

nate modules %to provide the
operator a display cf the2
computer generated engage-
ment plan constructe K
the operator. In bot
cases, the threat _data
gertznent to_ the displayed
arget can also be shown.




1.
2.

3.
4.

2.

3.

S.

Module Name: THEREAT DISPLAY,

Module Purpose: To 2agcess
provide a

Suktordinata Modules: None
Otjects Used by the Module:

Operaticns Mcdule Perforas:

NUMBER 4.4.1

PR

-----

the_ Threa4 Data,K Base and

_d;sglay of the
contained in that data base.

infcrma=-ion

The information contaired
in the Threat Data Base.

The_  Thrsat Dis
will display t
tion contaire
Threat Data

glay module
e

informa-

d in the

Base vhen

rompted b +he Engagement®

isplay mogule.

Mcdule Name: AUTCMATIC ENGAGEMENT DISPLAY, NUMBER 4.4.2

Mcdule Purpose: IO grag%ica%%g digg%:ged

lan at

ngagemsent

Engajement

+he engagement
by SBe’ P

lan

module and stored 1in the

Plan Data Bas=e.

Sutordinate Modules: Graphics Display (4.4.2.17)

Objects Used by the Module:

Ooperaticns Mcdule Perforams:

Information contained in

the Engagement
Base.

Tha Automatic

Plan Data

Engagement

Display _module provides 2
graphlcal represéntation of

he enga emant
tion © .
ccataipe

ement Plan

%s

nga

Ali gmissilg
and

waypoints

depicted” with
missile fire

representa-

he engage.ent plan

in the
Data PBase.

trajecicries

will be
~associated
times and

arrive over the target

tima. The

ellipses will
genarated along

probability of
of the target.

uncertainity

also be
vith the
acquisition

......
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Module Name: GRAFHICS CISPLAY, NUMBER 4.4.2.1
2. Module Purpose: To provid2 graphics capabilitiss <o “he
Automatic Ehgageman= Display module and
the Manual Engagement DiSplay mcduls.

3. Subordinate Mdules: None

4. Objects Used by the Module: Engagement Plan Data Base
infofmation.
Manually 1input engagement
plan.

5. Orpec-aticns Mcdule Performs: The Graphics Display module '
rovidec the graphics carpa~
ilities necéssary to h2

Agtomatic Manual Ehgagement
Display module *9 Taccu-
rately portray their given
engagemént plans,

1. Module Name: MANUAL ENGAGEMENT DISPLAY, NUMBER 4.4.3

2. Module Purpose: To provide +he operator the carpability
to manually input an engagement plan
for attacking a given target.

3. Sutordinate Modules: Graghics Display (4.4.2.1)

4. Objects Used by the Module: Information contained in
the Threat Data Base.

S. Operations Mcdule Performs: The Manual Engagement
Display module alldws the
operator to manualll 1n§ut
his own engagement plan fer
a given tafget. Once “his
information is_ graphicall
input to the dlsplaz, i
can ba transferred to _<the
Engagement Plan Da*a Base
wh3ra3 it can be programmed
to <*“he, missiles 1like anp
a%tomatlcally generated
plar.
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1.
2.

2.

3.

5.

Mcdule Name:
Module Purpose:

Subordinate Modules:

Otjects Used by the Module:

Operations Module Perforams:

Module Name:
Module Furpose: To

Subordinate Mdules:

OLkjects Used by the Mcdule:

operations Mcdule Perforas:

SHIF PARAMETERS DISPLAY,

To access _the Ship
and provide a ¢
+ion centained in

TRACK DISFLAY,

access
rovide a
racks beings
bask.

-----
...........

NUMBER 4.5

Parame+erT Data Bas=2
dlsgla¥ of +he infcrma-
hat data bas=s.

Nomne

contained in

Information
Parameter Data

+he Ship
Basa.

The Ship  Parameter Displ
podule will displa 4
information containe

the Ship Parameter Da
Base when  prompted by ¢t
Display module.

ay
he
in
ta
he

NUMBER 4.6

*he ,Track _Data Base
continuous display of
maintained in " that

and
data

Noae

Information contained in
+ha Track Data Base.

Tha_  Track, Display _mcdule
will cont;nuouslg .display

all™ tracks maintained 11 ﬁ
the Tr-ack Data Base.  These
tracks will be constantly
updated as +he Track Data
Bas2 is ugﬁated. The
symbology an methcd pres-
entation of _the tracks
should closely coirpcide
with NTDS displays.
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MISS tgpe ; in MISSILE_type:;
HCSTIIE : in HOSTILE NZME;
NATION : in NATICNALITY:
b HETBCD s out ENGAGEMENT HETHOD) is
egin
-=- insert addihional body of procedure AUTO_ENGAGE
end AUTC ENGAG
procedure PROB chuxsxTION(uETuon : in out
EgGA EMENT_METHOD
egin
-~ insert additional body of procedure PROB_ACQUISITICN
end PBCE,ASEUISITICN‘
proccedure CERTAINITY ELLIPSE(METHOD : in caut
b ENGAGEMENT _METHOL) 13
egin
~- insert addi+ional body of procadure
~- UNCERTAINITY ELLIPSE
b end UNCERTAINITY_ELLIPSE;
egin
-- inser*t additional tody of package AUTO_ENGAGEMENT
end AUTO ENGAGEMENT:
package MANUAL ENGAGEMENT is
tvre NER LAUNCHERS;
LAU NBE : jnteger range 1..NBR_LAUNCHERS;
CAN NBR : i1nteger range 1..4;
MISSILE t¥ge : integef range’'1..7;
LAU INHIB : boolean;
ENGAGEMENT METHOD : string(1..50 %
rprocedure MANJAL_ENGAGE {(LAUNCH ﬁ NBR : in LAU_NBR;
CANNISTER_NBR T in CAN_NBR;
MISS *ype : in MISSILE tyg s
METHOD : out Eucacsuzwr_ EfHOD) ;
end MANUAL ENGAGEMENT:
rackage body MANUAL_ ENGAGEMENT .
procedure MANUAL B§ AGE‘LADNCHER NBR : in LAU_NBR;
CANNISTER NBRE T in
MISS tyre : in MISSILET tHE
bagggaon :%ut ENGAGENENT BETHOD) is
- insert additional body of procedure MANUAL_ENGAGE
r egd MANUAL ENGAGE;
egin
--gInse:t additional tody of package MANUAL_ENGAGEMENT
end MANUAL ENGAGEMENT;
package DISELAY is
tvee MEND %EBG;
t;ne MAXSE H
VISIBILITY : 1nteger range 0..30;
SEA STATE : in*tegér range 0..10;
WIND DIRECTION : intege range d..359;
WINC SEEED : integer rfan 0..100;
RELATIVE HUMIDITY : inte er rang2 O..100;
TEMEERATURE : intager range -10 e 1303
BAROMETRIC PRESSURE : intdéger range 900..1100;
tgge PRECIPITATION is (YBS RO)
COURSE : in teger range 0. .359
SPEED : int eg r rang 0..!1:5#230-
t7pe LATITOD record
DEGREES : teger rang?2 -90..90'
MIBOTES teger range 0..60:
SECONDS_: integer range 0..60;
end record:
+7re_LONGITUBE is record
DEGREES : integer range -180..180;
MIRUTES : jnteder range 8..68;
SECONDS ¢ inteder range 0..69;
end recerl;
HOSTILE IAHB : stf ‘1..12):
NATIONALITY str e 10)

100

‘ '. \“ S ‘!{



T
. »
-vs. \”...
g
{ A
\n
]
~
2,
. X
=1 A
@ 2
. = m'm
: - :
3 _ -
a » Ay
s ') Mu
.u- XS .. L] “r
F. o o ] <
. 0 3] » (2] [
¥ o m " m & b )
b, m oe = = n » o
L - = m =) ] =) o o
g Lond — 0 = = = [o] XY -4 “JL
5 Q ] e (o] 1 { | —~t Tay
. [ [« N - e . o) [ %4 (1] [ o o e
f o S & (5] o 3] g 3] -t Qe ;
b o . » - o (3] - - - m o
. - [ [] Fy -3 =] . (-1 &= .. o s se [t 2] \ﬂ\
2 " o b o9 H - 0 ¥ o~ E n - & 5 p R
3 v e P o 0 ™ 0 o9 m o O o ool oo =5 Y
] - - n [5] .o H e BH M O 49 — m m Fe] B ol Pt e | 0 ..JA
. OO e ¢ e ¥ wen® V) B = D (5] o T) 0y ee - 13 (13} .‘-A
NOM™ o Moo - 0 G Qe H O A Ae oo QOE O ] + £ O = Hee E=EO Y
eI O MO O P HEMPe B H H = o+ o HO o 3 F Maman ke 7,
- U = w 2 [} 221 ) ool ULO M =Y oo flaen 1] O o+ w ceng MU PN WM - ...u.n
. orgrg@ ™M v 0O NE | Hee »p VAD HH 0N = ) ) o) os | 3 ol o] 4 50 o sony IIE o ol
T et AT A . D mamn D RPN et 05 o0 mPwm 5] ooy HEH IO GEEHOLINHY> ’,
J e IOBPA O ¢ v v HEEAIND O Ml pIEte DR D a4 e BT D | MR D N
5.COETE o gu o oNUMEE | Hommms gRa, mHy gn o mos MR R SHOS.BORS :
° o, e et e
oyl Seund B UOJRG B CRESE BeR pdocctd BESSRR ael Bie SodR :
. v o] o] o n (7 oG O “ 0 ot 7]
NN @ anDnr 5] EWOHUS. =t ot % 525 g 10 o ) H O ITEQNWH SICNM.A 1= IPGutﬂiCtI .
— i OO HEODHPN™ il Bt - I ] B340 e N V) e Ot~ U9 WMy QI BO D xR t
OO OO HERO U Hed Pl VIR G VIS e se HPNOG DRSSl I O¥Y O | N
arpP SO 4 HHE B N™ O pertd | MEPR M0 N - Ompuwp D G B QAU A DS 3 ....
[5i8a55 SyEo-nmiammoun Baus N2 HR.NEN HOTERZC B EE . AR SoC8nS :
A\ 1 de (1]
BR.E87E T8 ST RENR..BUEMZ 5 OB BEH M. 0870, TERE «SPYRERE. T aa®R
Nl Eroerfoenpd @ comtund K2 | oM QP v OmMEUIQAEIHE N I oo NN oLy O EmENPEHMD soepderd £ 0o
rTﬂ OcAP e ANNAMNEE D o0 BIVI4 00 o0 uS BRSEIGAHSPotu W i Do fI) D= D et 1) - m
oy [ . (1)
> “hETH R T e B HE R B fiBE B Y " ESHRNEE NN .. 3098 B0 . BT emHE " "..Be
! U EHOeOde MUH VALLVNPHEMU HOE RO Qe i) o rdpd *CaBUSE 0o o0 QU oI 1 oI B
NerPIBE Nelfy s d-EBD B MUMHM e QND IR '+ | DM e . MmO wQuid UMD NEHMEED
- D PN W ME DD BUHBP QAKMAUHM Biupina UV OHHUG HAa S Eme OmO|Krisiv

HNDME L OWRIRIEI >35a >B UV O 5 D 25 5% -3 105 (1D I3 S 14 4 14 0 >t a0 37 1) 1o 10 D -t M 4 Q13 Pwalt) @ @ AT MU RAIW
. QOEOnm =100 350 - -t BIED L0307 L0 o -0 S B3 § 100 P BT o 5 5R U) I E 05 32 0 O O M E $ 1 IR RAUTAD 1432 OV

FLocCe

OMUKIGE] THHEMHY 4T 4USMHN PONRECNHOMK SHNNY PEHUSNDEHE PRNEMKNEH Pl oM
Wi MUUN QO HRHHEX S X6 Y o6 xp xn »Mag xR
H G = Q) (1NN NI U PO N O one owne oo Tne one WU
mMUEXEM >OMOOZY o Y] 2o ae awd de Qo
NERAMEGS> PENTmMMaY op os oP o o+ oy oo

. y .-. .-. NN f-.-n RN AP " Sl s S u
e, Lo Y . d
Fw b.\rn.w..‘...&u\. ......”m..u.x. ...\&'—‘.. RRAARN)



.......

i Y8 E a4 Lt g L 2y ey . -
LY s Tav. A g .I‘x"'."zi"‘.—...‘....-.“.-;'.-'_ A _—‘—..v“--.“-.w'.;'}'r-"-.“~1v‘_‘,h‘ T '_vv‘"'"ﬂ‘ W' yoor
- - - ~ - - - . - - Ve

-
w

InHMAE0
ok
se gEbdee
&8 eepix
[v>
ulsladay a1 ]

LAY is

MENU : out MENU type) do
oAl body of ACCESS kBWD

1l body of task MENU_DISPLAY
_MISSILE_STATUS is
M(LAUNCHER_NBR : cut LAU_NBR;
: out CANTNBR;

ut MISSILE ¢t pe.

AD INHIBI'I‘;

ral body of ACCESS LM

1 god ch,f task LAUNCHER_MISSILE_STATUS

A

accept A

Heepatd U VIHGI E£0

-=- _1insert

i Q. o0
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PeeDud SUAQ P EH EQ

< q
0N R

e
]
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]
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so oo (i

PRESSURE;

) do

£ ACCESS_ENV
onal body of task ENVIRONMENT
RAMETER is

P(SHIP CQURSE : out COURSE;
ou t SPEED;

'™
: cut Loncrrusz do
cral body of ACCESS_

1l body of task SHIP_PARMIETER
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(TRACK NUH : out TRACK_NUMBER;
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AE
out HOSTIL

3 : out BOSTILE Loﬁs do

] additicual body of ACCESS _TR
ACCESS

WA -=- insert adai 1ona1 body of task TRACK
e end TRAS
e tagk body 'THREAT is
s ool begin
accaopt ACCESS TB(HOSTILB H
NATION : ouf NATIONALITY:
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SRIE : out SHIE CLASS:

WEPS : ou“« WEAEUNS:

ECNM : out ECM E nxéuznr;

METHOD : out ENGAGEMENT' METHOD) do

-- insert additional body~of ACCESS_TH
end ACCESS TH;
;;diggert additlonal body of task THREAT
;SSE bedy énGAcznzux PLAN is
n
gcca < ACCESS EN (TRACK _NUM : out TRACK_NUMBER;
PLAN : out ENGAGEMENT_PLAN) do
-- insert additicnal body cf ACCESS_EN

end ACCESS_EN;
-- insert additional body of task ENGAGEMENT_PLAN
end ENGAGEMENT PLAN:
package body ERGAGEMENT DISPLAY is
rrocedure AUTO_DISPLAY(TRACK NUM : in out TRACK_NUMEER;
PIAN : in ou¥ ENGAGEM ENT_PLAN;
BOSTILE $.in out HOSTILE_NAME;
NATION : in out NATIONALITY;
SHIE : in out SHIP_CLASS;
WEPS : in out WEAPONS;
ECM : in qut ECH E IEMENT;
begETHOD H n out ENGAGEMENT_METHOD) is
n
~=-_insezt additicpal body ¢f procedur2 AUTO_DISPIAY
end AUTC _DISELAY; ]
proceéduré MANUAL_DISPLAY(TRACK_NUM : in out
TRACK NMIMBER;
PLAY : in out ENGAGEMENT_PLAN;
HOSTILE : in out HOSTILE NAME;
NATION : in out NLTIORALIT!,
WEPS : in cut BEAPONS
ECH : in out ECH 380 ENT;
b METHOD : in out EN AGEHENI METHOD) is
egin
2 neert additicnal body of procedure MANUAL_DIS?PLAY
end BMANUAL DISPLAY;
rocedure GRAPHICS is
egin
-="1nsert additicnal body of procedure GRAPHICS
b end GRAFHICS ;
egin
2% nsert aidi+ional body of package ENGAGEMENT_DISPLAY
o?g ENGAGEMENT DISEFIAY;
-~ Insert addi*ional bcdy of package DISPLAY
end DISELAY:
vackage LATA BASE MANAGER
pac a e LN'STATUS_MNANAGER is
XB NBRLAUNCHERS;
L NER 3 integer range 1..NBR_LAUNCHERS;
CAN NBR : nteger rande 1..4;
MISS t;ne : infeger range 1..7;
LAU INHIBIT : boclean; .
task LAUNCHER_MISSILE_STATUS is
entr;nUPDlTE_IAU(LAUNCEEB ¢ in LAU_NBR;
CABNNISTER 5 in CAN_NBR;
BISSILE : in MISS_¥ype:
LAUNCHER_INBIBIT : in_ LAD INHIBIT%
cnt:;uncczss LM(LAUNCHER : oQ% R;
CABNISTER 7% out CAN_NBR;
MISSILE : out HISS_fyge'
LAUNCHER_INHIBIT : ouf ﬁAU_IHHIBIT):
end LAUNCHER MISSILE_STATUS;
end LM STATUS MARAGER;
package SF MANAGER is
type MAXSPEED;
103
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end ENVIRONHENT MANAGER:
package bcd cdy THREAT MANAGER is
£a~. body THREAT is
2gin ’
accegt ACCESS_TH(HOSTILE : out HOSTILE_NAME;
TON : ou¥ NATIONALITY;
SHIP : out SHIF CLASS;
WEPS : cut WEAPONS;
ECM : out ECM EguxﬁuENT;
. METHOD _: out ENGAGEMENT_METHOD) do
insert additional body of  ACCESS_TH
. nd ACCESS_TH;
=nd THREAT;
begin .
-- insert additional body of package THREAT_MANAGER
end THREAT MANAGER;
package body TRACK MANAGER is
gask body TRACR is
€gin
accegt ADDéTFACK_NUH : in TRACK_NUMBER;
TRACK_TYP : in TRACK tgpe;
CIASS™; in VESSEL_CLESS;
RNG : 1n HOSranges
BENG : in EEARING;
HOST LAT : in HOSYTILE_LAT;
HCSILONG _: in HOSTILE aﬁsk
--dlgggrt additional bedy of DD-
en :
accept DELETE(TRACK_NUM : in TRACK_NUMBER;
TRACK_TYP_ : in TRACK_+typ=2) do
-- inseT* additional ho dy of DELETE
end -DELETE;
accept ACCESS_TR(TRACK_NUM : out TRACK_NUMBER;
TRACK_TYP :7out TRACK ¢t ge;
CLASS : ou* VESSEL_ CIA :
ENG : out HOSran H
BENG : out BEARING;
HOST_LAT : out HQSTILE_LAT;
HOST”LONG _: oyt HOSTILE_LONG) do
-- insért additional body of ACCESS_TR
end ACCESS_TR; .
accept UPDETE_TY(TRACK_NOUM : in TRACK_NU MBER;
TRACK_TYP : in TRACK_*+ype) do
-- inseTt additional bTdy of UPDATE_TY
o end UPDATE_TY; .
accat UPDXTE CL(TRACK_NUM : in TRACK_NOU MBER;
AR CLASS : in VESSEL_CLASS) do
< -- insert addltionaI body of UPDATE_CL
- end UPDATE CL; .
accept UPDATE RN(TRACK NUM : in TRACK_NUMBER;
' RNG : in HCSrangei
=z -- insert additiona body of UPDATE_RN
Fg end UPDATE_EN; ,
o cc ¢ in H
: a egt UPDXTE BR(TRACK_NUM TRACK_NUMBER
e ERNG : in EEARING) do
- -- insert additional bcdy of UOPDATE_TR
N end UPDATE_TE;
'y accep : in H
> + UPDXTE_LA(TRACK_NOM TRACK_NUMBER
L] HOST _LAT : In HOSTILE LAT% do
o -- ins@rt additional body of UPDATE_LA
KN end UPDATE_LA;
as accggt UPDXTE_LO(T RACK NOM in TRACK _NUMBER;
) HOST_LONG 3 in HOSTILE_LONG h
o’ -- ins@rt additional body of PDATE Lo
" e€nd UPDATE_LO;
I’c. beegg TRACK;
- 229 nsert additional body of package TRACK_MANAGER
N end TRACK MANAGER;
Ho
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ou+ MENOU +ype) do
MENO -*ype)

Y
y of

end ¥ :
begin
-- insert additional body of package MENU_MANAGER
end MENU MANAGER;
packaace body ENGAGEMENT PLAN uANAGER is
task tcdy ENGAGEMENT_PLAN i
€gin
acce ACCESS_EN (TRACK NUM : out TRACK_NUMBER;
PLAN : out ENGAGEMENT PLAN;
HOSTILE : cut HOSTILE NAME:
NATION : out NATIONALITY:;
SHIP : out SHIP CLASS;
WEPS : out WEAPONS:
ECM : out ECM_EQUIBMENT;
METHOD : out ENGAGEMENT_METHOD) do
-- insert additional body cf ACCESS_EN
€énd ACCESS _EN;
nd ENGAGEMENT_ELAN;
begin
-=-"insert alditional bod; of package
-~ ENGAGEMENT PLAN MANAGER
. egd ENGAGEMENT _PLAR_MANAGER;
egin
-—glneert addi+ional body of package DATA_BASE_MANAGER
end DATA BASE_MANAGER:
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